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Liberalizing Technical Education * 


By H. P. HAMMOND 
Dean, School of Engineering, The Pennsylvania State- College 


LIBERALIZING TECHNICAL EDUCATION 


The liberalizing of technical educa- 
tion has been a problem for years. It 
is not surprising that it has not been 
solved. The advancement of science 
and technology has been so rapid in 
recent years that adjustment of edu- 
cational programs, even to their basic 
developments, has been a matter of 
constant and justifiable concern. Pres- 
sure to include more and more subject 
matter in already crowded curricula 
has been insistent and the improve- 
ment of their liberal element has been 
correspondingly retarded. 

At present, when education in many 
fields is being re-appraised, this prob- 
lem has come to the forefront among 
those for which solutions must be 
found. Issues growing out of events 
and trends of the past three decades, 
which have included the two most ca- 
lamitous wars of modern times; a 
swing from the heights of inflation to 
the depths of depression; sweeping 
changes in social and economic con- 
cepts; emergence of the totalitarian 
form of government and its inevitable 
collision with democratic ideals; a 
trend from government by process of 
law to one by executive order—all of 
these, coupled with the profound 
changes that science and technology 





*Paper presented at the meeting of the 
Association of Land-Grant Colleges and Uni- 
versities, October 24, 1944. 


are producing in the entire social order, 
are giving point to the need for re- 
examining our educational programs. 
In particular, these conditions are 
making it clear that ways must be 
found to create among members of the 
scientific and technical professions a 
better understanding of the world they 
live in and have had so large a share 
in creating. “As citizens who have 
been privileged by society to receive 
higher education, they should be in 
position also to take a leading hand 
with others so privileged, in under- 
standing and clarifying and determin- 
ing action upon those political and so- 
cial issues on which the future peace, - 
freedom, and prosperity of the coun- 
try depend.” * This, as I conceive it, 
should be a recognized objective of 
technical education and is a major fac- 
tor influencing its liberalization. I as- 
sume it was considerations such as 
these that led to the inclusion of this 
topic in today’s program. 

What does the term liberalizing tech- 
nical education mean? It is often dis- 
cussed in terms of the addition to an 
otherwise “narrowly specialized pro- 
gram” of a “cultural” element com- 
prising such non-technical studies as 
history, economics, and literature, but 


* From the presidential address of Robert 
E. Doherty, President of the Society for the 
Promotion of Engineering Education. Jour- 
NAL OF ENGINEERING EpucaTion, Vol. 35, 
No. 1, September, 1944. 
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without any more specific objective 
than the general purpose of broadening 
the students’ interests and outlook. 
The assumption that this means alone 
will serve the desired purpose appears 
to be based in part on the premise 
that technical and scientific subject 
matters have an inherent lack of cul- 
tural elements. It is scarcely necessary 
to argue before this audience that this 
assumption is utterly erroneous, though 
we must admit that the treatment of 
technical courses may be and often is 
such as to overlook their cultural 
values. If, instead of such a restricted 
conception of the liberalization of tech- 
nical education, we imply the broad 
purpose of developing among students 
understanding and appreciation of the 
world around them in its various as- 
pects—social, economic, political, scien- 
tific, artistic, moral—then it seems plain 
that the word liberalizing should have 
broader connotation. It should be ap- 
plied to the planning and treatment of 
the student’s entire program, not 
merely to one portion of it. 

If this concept is accepted, what 
means may be sought to aid in enrich- 
ing technical education? I offer three 
for consideration: (1) the approach to 
the teaching of scientific and technical 
courses; (2) a decrease in the rigidity 
of prescribed curricula; and (3) the 
provision of a group of courses having 
specific humanistic purposes of clearly 
defined significance in the education 
of technical students. 

The first of these means can be 
discussed best, perhaps, by an illus- 
tration. I have chosen one from 
engineering because I feel more con- 
fidence in that field than I would in 
others. It is the teaching of heat 
power. In one approach to the teach- 
ing of courses in this broad subject, 
the treatment may be and often is 
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strictly technical. Instruction does not 
get beyond the covers of prescribed 
textbooks. While principles of very 
wide significance in science and tech- 


* nology are employed, the student is led 


to see them chiefly as applied to specifi¢ 
situations or problems. He may be 
come very proficient in reproducing 
such elements of subject matter and in 
solving stereotyped problems by spe 
cified procedures. But in so doing he 
will have acquired little power to ana- 
lyze new problems or to solve them by 
applying the basic forms of the com 
paratively few fundamental laws which 
underlie the entire field. This ap 
proach to the teaching of the subject 
aims at closely specified efficiency if 
the routines of the course and realizes 
only to an incomplete degree on very 
valuable inherent attributes which the 
subject possesses as a medium of edw 
cation. 

In a second method of approach less 
strict reliance is placed on the text 
book. The teacher aims chiefly to de 
velop knowledge of basic general laws 
and uses them whenever possible 
Thus, without neglecting the develop 
ment of skill in solving specific prob 
lems, the subject becomes in large 
measure a vehicle for giving the stt 
dent a thorough understanding 
fundamental principles on which he 
can rely when he is confronted with 
situations which he has not previously 
encountered. This method requires 
skillful teaching but is one that ough 
to prevail widely in technical education 


value in teaching the subject we aft 
considering is still lacking ; that is, the 
opportunity to bring out the relation 
ship that exists between the use of the 
energy of fuels in doing useful work 
and the profound effect this has he 


on our whole social order. Extensi 
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or elaborate treatment is not required 
to develop this aspect of the subject. 
Occasional references or questions at 
appropriate times intended to awaken 
the student’s consciousness of the re- 
lationship of the course to economic 
and social problems will go a long way 
toward the desired end. If, in par- 
ticular, this phase of the subject can be 
mentioned at the start of the course, 
it will help to orient similar future ref- 
erences. The simple question of which 
of the two contemporaries, James Watt 
or Napoleon Bonaparte, had the most 
lasting influences on society may serve 
to start students thinking about some 
of the most significant stages of the 
development of our industrial civiliza- 
tion. An introduction to these aspects 
of the general study of heat power can 
be used greatly to enrich the subject 
and thus to broaden the student’s hori- 


zon. 
This example will illustrate one im- 


portant phase of the liberalizing of tech- 
nical education. While my example 
was chosen from engineering, I am 
sure that many equally valid ones might 
have been chosen from any other field 
of applied science. Can anyone think, 
for instance, of any division of agri- 
culture,* even among those most highly 
technical nature, which does not have 
vital bearings on our national economy 
and life and could be so treated as to 
promote the student’s insight and in- 
terest in human affairs? 

A second means of liberalizing tech- 
nical education is by increasing the 
flexibility of prescribed curricula. It 
is inevitable, since such curricula deal 
with fields of knowledge that lie within 
more or less clearly defined bound- 
aries, that they should follow well! de- 


*In the foregoing illustration, the name of 
Justus von Liebig might be substituted for 
that of James Watt to illustrate this point. 


fined patterns. It is, in fact, a valuable 
educational asset of technical curricula 
that they possess the quality of co- 
herent, integrated structure. Such cur- 
ricula begin with the study of physical 
and mathematical science, continue 
with courses in applied science, and 
end with an introduction to the art of 
applying principles to problems of 
practice. Thus the student can be mo- 
tivated from the beginning by discerni- 
ble goals of his work. Freedom of 
election in such curricula is necessarily 
limited. However, I have yet to learn 
of a field of applied science in which 
some freedom of election, especially of 
the more advanced courses, is not both 
feasible and desirable. Time does not 
permit of adequate discussion of this 
matter here. It is mentioned as one of 
the means of freeing technical educa- 
tion from some of its rigidity and thus 
of aiding in its liberalization. How 
much of a technical curriculum can be 
allotted to electives? This will depend 
upon the nature of the field. In those 


-with which I am familiar it may be 


from five to ten per cent or from 6 or 
8 to 12 or 16 semester credits without 
injury to the integrated nature of the 
program. A part of these electives 
may very well be devoted to original 
or semi-original projects—perhaps an 
undergraduate thesis—in a field of in- 
terest which the student has developed 
under the guidance of some stimulat- 
ing teacher. Qualities of resourceful- 


ness and originality are ones that we - 


are probably least successful in de- 
veloping in students of applied science. 
If elective work can be used for that 
purpose it will increase greatly the 
value of our whole educational proc- 
ess. At any fate, it is a promising 
means of liberalizing our work. 

But these two means alone—that is, 
broadening the treatment of scientific 
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and technical courses and a somewhat 
greater proportion of electives—can 
scarcely be expected to serve ade- 
quately to liberalize technical educa- 
tion. Such methods will not serve to 
give the student a broad or well bal- 
anced conception of humanistic and so- 
cial matters or to develop his interest 
in cultural matters lying outside of 
science and technology. The necessity 
remains of introducing a group of sub- 
jects having this explicit objective. To 
this group I shall apply the borrowed 
term humanistic-social studies. 

The strengthening of this portion of 
technical education has recently been 
under consideration by a special com- 
mittee of the Society for the Promo- 
tion of Engineering Education on En- 
gineering Education after the War. 
While the report of this committee 
deals particularly with engineering, I 
believe that portion which deals with 
the humanistic-social content of the 
curriculum applies equally well to other 
fields of technical education. What 
follows, therefore, is based in part on 
that report. 

Before discussing particular elements 
of educational programs, the report 
makes a number of general recom- 
mendations, pertinent to our present 
discussion, that may be condensed as 
follows : 

_(1) That undergraduate curricula 
remain of four years duration; that 
they be simplified in arrangement, 
lightened in total content, and devoted 
chiefly to the development of capacity 
to accomplish along specified lines 
through acquirement of the ability to 
use fundamental laws and principles 
in the solution of problems of prac- 
tice. It is recommended also that the 


process of “pruning” the curriculum to 
the essential core of subject matter and 
skills be accompanied by transfer of 


LIBERALIZING TECHNICAL EDUCATION 


* purposes. 


- be made up of two major stems or in- 


‘poses is therefore a matter of chid 


some of the more advanced technical 
subject matters to the postgraduate 
period where they may be treated with 
a rigor consistent with profession< 


(2) That undergraduate curricula 


tegrated sequences of courses extend- 
ing throughout the four years: one of 
these stems to be in science and tech- 
nology and the other in humanistie- 
social studies. This plan of curriculi. 
organization is believed to be better 
adapted to the nature and requirements 
of education in science and tech iology 
than is an arrangement in stages or 
divisions, the lower stage devoted 
chiefly to preparatory work in the 
sciences and humanities (or “general 
education”) and the upper stage de 
voted chiefly to technology and ,nore 
advanced science. 

To pass now to consideration of the 
humanistic-social sequence of the cur- 
riculum, I believe that it is essential, 
in the first instance, to formulate ex- 
plicit objectives for these courses if 
terms of knowledge to be acquired, 
abilities to be achieved, and cultural 
interests and tastes to be formed. It 
is not sufficient merely to allot time to 
this portion of the curriculum and thea 
to choose from an available list o 
liberal arts courses a number that li 
within the general fields of subjet 
matter that it is desired to sample 
Pressure for the retention of *‘: >roughily 
worth-while elements of scientific and 
technical subject matter is too strong 
to justify inclusion of humanistic-social 
studies which do not serve clearly de 
fined purposes in the over-all develop 
ment of students of science and tech 
nology. The formulation of these 


concern. 
I suggest for consideration thei¢oh 
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lowing statements of these purposes. 
They are quoted from an earlier paper 
m this subject.* 


"Development of the ability to read, 
write, and speak the English language 
effectively; to understand, analyze, and 
express the essentials of an economic, 
social, or humanistic situation or prob- 
lem, and to appreciate its implications 
and relationships to the life and work of 
(a scientist or technologist).t There is 
lso the goal of development of an ade- 
vate concept of the duties of citizenship 
in a democratic society ; an acquaintance- 
ship - “h the enduring ideas and aspira- 
tions * “ich men have evolved as guides 
to ethic 1 and moral values; and an ap- 
preciation of cultural interests lying out- 
side the fields of (science and _ tech- 
nology ).” + 


This statement constitutes a high 
purpose indeed for a division of edu- 
cation. It will be noted that it empha- 
sizes the aim of developing ability to 
do and the capacity to appreciate rather 
than coverage of a specified amount of 
subject matter. I believe its accom- 
plishment is possible within the pres- 
ent framework of technical education. 
As will be noted later, a few institu- 
tions are now taking steps to achieve 
this aim. 

It is not sufficient, of course, merely 
to formulate the objectives of a di- 
tision of education. Means must be 
sought to solve the problems incident 
to attaining them. 

One the most vexing of these 
problems is that of the allotment of 
time in the curriculum. This will have 
to be faced squarely. It is recom- 
mended that not less than one 3-hour 


*See Introduction to the Report of the 
Committee on Engineering Education after 


aa the War, presented by H. P. Hammond at 


»i Fok 








the 1944 Convention of S.P.E.E. 
t Engineer and Engineering in the original 
ver on. 
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course be provided in each of the 8 
semesters, not including the introduc- 
tory drill course in English Composi- 
tion. This will require from one-fifth 
to one-sixth of the curriculum. If 
such an allotment is provided, it will 
mark a substantial gain in liberalizing 
technical education. Nevertheless, the 
desired result will not be attained by 
this provision alone. The most care- 
ful planning will be required to place 
this division of subject matter on as 
strong a basis as the technical courses 
themselves. The following sugges- 
tions are advanced as among the means 
that may aid in this effort: 

Establish responsibility for planning 
and codrdination of subject matter. 
This may have to be done through ad- 
ministrative direction instead of the 
customary type of departmental or- 
ganization, at least until the work is 
well established. 

Formulate the results sought as ex- 
plicitly as possible. 

Allot time in advanced years as gen- 
erously as possible. 

Use the most skillful teaching avail- 
able. 

Capitalize on the appeal of current 
interest. 

It is necessary to select subject mat- 
ters appropriate to the attainment of 
the objective as formulated. Those usu- 
ally, and I think properly, associated 
with the humanistic-social stem are 
found in the fields of history, eco- 
nomics, and government, wherein 
knowledge is essential to competence 
as a citizen; and of literature, philoso- 
phy, psychology, and fine arts which 
afford means for broadening intellect- 
ual outlook.* 


*From the Report of the Committee on 
Engineering Education after the War, Jour- 
NAL OF ENGINEERING EpucatTion, Vol. 34; 
No. 9, May, 1944. 
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While the selection of subject matter 
is important, it is less important, gen- 
erally speaking, than are methods of 
instruction. Formal expository meth- 
ods are often used in humanistic-social 
courses. This appears to be one of the 
chief reasons why technical students do 
not like them and, in many instances, 
do not profit by them. Students of 
science and technology are accustomed 
to learn by doing: by solving problems, 
by performing experiments, by work- 
ing on designs, or by writing reports. 
They are accustomed to using tangible 
media for achieving and expressing 
their results. They are thinkers, but 
they think best in association with 
doing things rather than listening to 
others talk about them. A method of 
instruction which places responsibility 
on the student himself and requires 
him to seek evidence, to weigh it, to 
arrive at a conclusion, and to express 
it in written or oral form will achieve a 
much greater degree of success than 
will listening to lectures or reading 
long sections of heavy textbooks with- 
out being required to do very much 
about it. 

Methods of the type here advocated 
require greater effort and skill on the 
part of the instructor as well as more 
allotted time in the curriculum to 
achieve a given result, but they are 
likely to pay large dividends in student 
interest and accomplishment. 

If provision of the type and amount 
mentioned above is to be made for hu- 
manistic-social studies, the question 
may be raised as to whether this can 
be done without sacrifice of essential 
vocational objectives. It must be re- 
membered, of course, that the attain- 
ment of vocational proficiency is an un- 
alterable aim of technical curricula. 
To solve this problem it is often sug- 
gested that the duration of under- 


graduate curricula be increased from 
four years to five years. The com 
mittee referred to above concludes that 
the solution should not be sought 


- through increasing the duration of col- 


legiate education for all technical stu- 
dents, but rather by simplifying and 
making more fundamental its under- 
graduate stage, transferring some of 
the more advanced technical subject 
matter to postgraduate years, and pro- 
viding for larger enrollments in a fifth 
year and subsequent years. In view of 
an accelerating trend in technital edu- 
cation, this recommendation may sound 
like a rationalization. During the 
twenty-year period from 1920 to 1940, 
postgraduate enrollments in engineer- 
ing, as a sample, multiplied more than 
five-fold and reached a total of over 
5,000. Further development of this 
evolutionary trend, which has reached 
virtual completion in chemistry, ap- 
pears to be a more rational and appro- 
prite process than would be the en- 
forced attendance by all undergrad- 
uates for a longer period. It appears 
to be more in keeping with the inter- 
ests, abilities, and financial capacities 
of many students, as well as with the 
types of positions and responsibilities 
of their later careers. It is therefore 
recommended that in providing more 
time for humanistic-social studies and 
elective courses close attention be paid 
to the relative importance of all por- 
tions of the curriculum and that ele 
ments which cannot be clearly shown 
to produce a thorough grasp of funda- 
mental principles or to creating skill 
in the art of applying them should be 
omitted. 

Instead of weakening the under- 
graduate curriculum, it is believed that 
the result of this process will be to 
strengthen it all along the line. 








It is a fair question to ask how much 
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has been done toward the realization 


of the objectives here discussed. Have 
any colleges actually put into effect 
programs of technical education aim- 
ing to accomplish the purposes con- 
templated? Have they made the time 
allotments suggested? The answer is 
“yes,” such is the case in several in- 
stitutions: There is no single element 
in the proposed program that has not 
been adopted in one or more institu- 
tions and the main objectives are being 
sought in several. Without making a 
complete canvass, the following may be 
mentioned : Brooklyn Polytechnic, Cali- 
fornia Institute of Technology, Car- 
negie, Case, Cooper Union, The Penn- 
sylvania State College, Purdue Uni- 
yersity, Princeton, City College of 
New York, Michigan State College, 
Florida, Stanford University, Stevens 
Institute, and, most recently, the 


Massachusetts Institute of Technol- 
ogy.* 

* Of these institutions, 7 are privately en- 
dowed polytechnic institutes, 2 are privately 
endowed colleges and universities, 1 is a 


municipal college, and 4 are land-grant col- 
leges and universities. 


It is of some significance to 
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note that the institutions in which 
time for the liberal element in tech- 
nical education is now being most ade- 
quately provided are certain of the 
separately organized schools of tech- 
nogoly, rather than the universities and 
land-grant colleges. If any single rea- 
son were to be -assigned to this, it 
might be that in a school having a uni- 
fied type of program and a faculty or- 
ganized in a single group, there is 
likely to be more centralized control 
over non-technical courses than in an 
institution of university type. 

As previously stated, however, the 
mere provision of sufficient time for 
humanistic-social studies is not in it- 
self the answer to any phase of the 
problems of technical education, and 
particularly to the one under discus- 
sion. There remains the necessity of 
obtaining the courses, teachers, and 
attitudes on the part of the students 
and faculty which will aid in achiev- 
ing desired results. Experiences in- 
dicate that this will require time, 
energy, and persistence as well as tact 
and ability. 








The Wind Tunnel in Undergraduate Instruction 
and in Research 


By WILBUR C. NELSON 
Professor and Head, Dept. of Aeronautical Engineering, Iowa State College 


The current program of aeronautical 
research—greatly intensified by the de- 
mands of aerial warfare—has resulted 
in many millions of dollars being spent 
upon the construction of various types 
of wind tunnels. The National Ad- 
visory Committee for Aeronautics, the 
Army Air Force, the Navy, and several 
industrial groups are now operators of 
wind tunnels whose size and complexity 
were hardly thought possible a decade 
ago. The taxpayer may well reflect 
with some degree of satisfaction that 
federal funds used in this manner rep- 
resent a long-term investment in both 
immediate and post-war aerial su- 
premacy with its accompanying peace 
time advantages. This rapid growth 
has, with a few notable exceptions, left 
the colleges and universities of this 
country with wind tunnel equipment 
which is extremely limited by compari- 
son. In.general, we may divide this 
equipment into two distinct categories. 
It is the purpose of this paper to pre- 
sent a qualitative discussion of: 

(1) the merit of the small, under- 
graduate wind tunnel for instructional 
purposes. 

(2) the utilization of the relatively 
small research wind tunnel in the 
graduate program. 


* Presented at the 52nd annual meeting, 
S.P.E.E. (Aeronautics), 
22-25, 1944. 


Cincinnati, June 
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The undergraduate wind tunnel 


For the purpose of definition herein, 
a small undergraduate wind tunnel will 
be considered as atmospheric with a 
test section area approximately 10 sq. 
ft. or less and a maximum velocity 100 
m.p.h. or less. The research wind tun- 
nel is considered as atmospheric with a 
test section area approximately 65 sq. 
ft. and a maximum velocity well be- 
yond 100 m.p.h. 

A recent U. S. Office of Education 
bulletin lists 63 colleges and universi- 
ties as offering “more than _ three 
courses in aeronautics.” This group 
and others contemplating such instruc- 
tion. will be directly concerned with 
equipment of the undergraduate instruc- 
tion type. Upon first thought the use 
of such equipment may seem quite futile 
when compared to the large wind tun- 
nels currently employed elsewhere, or at 
the best a sorry compromise between 
present-day reality and past tradition. 
The general objectives of engineering 
education may well be reviewed in or- 
der to evaluate our goal. The ability 
to think analytically in terms of basic 
scientific principles and to obtain an 
acceptable solution to a current engi- 
neering problem is fundamental. All 
aeronautical engineering work in aero- 
dynamics, structures, and mechanisms 
is directed to that end. This involves 
not only a classroom study of theory 
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and test data but a well-balanced labo- 
ratory course substantiating and re- 
emphasizing the theory and also devel- 
oping practical testing techniques. The 
necessity for obtaining sufficient em- 
pirical test coefficients to bridge the 
gap between theory and practice is 
driven home. 

No other laboratory device could be 
more useful in the study of aerody- 
namics than the wind tunnel. It is 
quite significant that Wilbur and Or- 
ville Wright in the fall of 1901 built 
their first wind tunnel and found large 
errors in all previously published data 
concerning center of pressure and force 
variation on flat and curved plates. 
Their wind tunnel data pointed the 
way to a principle of control which is 
still used in the modern airplane. 

The main elements of a wind tunnel, 
in which the test object is held station- 
ary and a controlled stream of air flows 
past it, are typified in the Iowa State 
College wind tunnel. The design fea- 
tures of a closed return duct, electric 
prime-mover, remote control of test 
model position, six-component balance 
system, and wide velocity range are 
common in this and much larger in- 
stallations. Laboratory objectives in- 
clude, of course, attainment of the high- 
est degree of accuracy possible with 
the equipment available. 
careful and intelligent operation. Re- 
peating an entire test because of care- 
lessness on the part of one member of 
a test crew emphasizes team work and 
interdependence. The rotation of crew 
chiefs develops leadership. The stu- 
dent studies principles governing wind 
tunnel design; learns the instrumenta- 
tion and testing techniques ; and runs a 
series of tests illustrating airfoil action, 
principles of drug reduction, and air- 
plane performance and stability. Ex- 
trapolation of test data to full scale is 


This implies 
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studied and applied. A knowledge of 
sources of error and their magnitude 
leads to an understanding of the neces- 
sity for much larger and more extensive 
equipment in the industrial and govern- 
mental research fields. 

Just as laboratory strength testing is 
inseparable from a study of structures 
and just as laboratory engine testing 
is inseparable from a study of mecha- 
nisms, so an adequate laboratory test 
program is inseparable from an under- 
graduate study of aerodynamics. The 
trend towards a reduction in the large 
amount of “shop” time in the under- 
graduate engineering curriculum may 
well be balanced by the inclusion of 
adequate laboratory testing time where 
the emphasis is not upon manual dex- 
terity as such but rather upon the de- 
sign and operation of test equipment 
to obtain reliable data regarding the 
behavior of the test object. 

All this does not imply, however, 
that the construction and operation of 
a wind tunnel assures an adequate 
laboratory course in aerodynamics. 
With careless construction, poor opera- 
tion, and incompetent instruction both 
in the laboratory and in the preceding 
aerodynamics class work, this equip- 
ment will be of little value. Neither is 
it necessary that a large amount of 
time be spent in the aerodynamics labo- 
ratory. A minimum of eighteen labo- 
ratory periods is probably sufficient. 


The research wind tunnel 


The research: wind tunnel is in a 
distinctly different category from the 
undergraduate wind tunnel. The un- 


dergraduate student may run one test 
in the larger research wind tunnnel but 
his experience with it is usually limited 
to a demonstration of the equipment. 
The exceptional senior may be given 
the opportunity to assist in the research 
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program but only as an assistant under 
full supervision. While both wind tun- 
nels are relatively small, the research 
installation is definitely larger and in- 
corporates the utmost refinement in its 
construction, balance system, and speed 
control. Here again one may question 
the utility of such a piece of equipment 
where the research student or professor 
does not have at his command such 
facilities as a velocity range approach- 
ing the speed of sound; a temperature 
and pressure control of the airstream ; 
or a test section of such proportions 
that the model size approximates or 
equals full scale. All of the preceding 
factors combine to permit testing at 
full-scale Reynolds Number and simu- 
lated high altitude conditions, which is 
a combination of admittedly prime im- 
portance for research concerned with 
high-speed military aircraft. 

However, flight at relatively low 
velocities also demands much in the 
way of the research. One has only to 
make, a casual survey of the aero- 
dynamic field to realize the wide vari- 
ety of phenomena that exist outside the 
sphere of high-velocity, stratosphere 
flight and which are worthy of con- 
tinued attention. Boundary layer con- 


trol; turbulence investigation; propel- 
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ler, blower, windmill, and rotor testing; 
airplane and helicopter performance 
and stability ; control surface character- 
istics; flow visualization—these and 


- many other problems afford a fertile 


field of research in a velocity and mode 
range well within the capacity of the 
university research wind tunnel. In- 
deed, a survey of technical literature 
will clearly show that these topics are 
being vigorously investigated. It is to 
be hoped that the entire field of low- 
velocity flight will come in for exten 
sive research and development in the 
near future because of its direct rela- 
tion to the private flyer and the need 
for marked advances in order to bring 
private flying into its own. It should 
also be noted that in the overall view 
it is a healthy condition to have several 
independent organizations working in 
the same general field of research, par- 
ticularly when the academic approach 
isnot so highly conditioned by the need 
for an immediate practical solution as 
is often the case in industry. In con 
clusion, then, the academic wind tunnel 
research program should continue to 
maintain a high plane of usefulness 
despite its new relation, in most im 
stances, to the industrial and govern- 
mental laboratory equipment. 
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An Aeronautics Option in Civil Engineering * 


By A. S. NILES, JR. 


Stanford University 


While many American engineering 
schools have sufficient students and 
faculty interested in aeronautics to jus- 
tify a separate curriculum in aeronauti- 
cal engineering, this is not true of the 
majority of such institutions. Some 
of these schools may have no desire to 
give aeronautical training, while in 
others a certain amount of time is allo- 
cated to aeronautical subjects which 
form the content of an aeronautical 
option in one of the more general engi- 
neering curricula. The aim is to pro- 
duce a graduate who, though not a 
graduate aeronautical engineer, would 
have sufficient knowledge of aeronauti- 
cal problems to be of value to a manu- 
facturer or operator of aircraft. Prac- 
tically all “aeronautics options” offered 
at present are options in a course in 
mechanical engineering. The aim of 
the present paper is to point out that 
the civil engineering department is an 
equally suitable location for an aero- 
nautics option and to encourage any 
civil engineering instructors who may 
desire to give work in this field. 

The inclusion of aeronautics in me- 
chanical engineering is due only in part 
to the character of the work of the aero- 
nautical engineer. To a very great ex- 
tent it is the result of what may best 
be termed historical accidents. As fly- 





+ Paper presented at 52nd annual meeting, 
S.P.E.E. (Aeronautics), Cincinnati, June 
22-25, 1944, 


ing became practical and airplane de- 
sign passed from the inventor to the 
engineer a number of wide awake and 
far-seeing university men became inter- 
ested and began to offer courses in the 
field. Usually these were “hobby 
courses” given in addition to the in- 
structors’ regular work. As aeronauti- 
cal engineering became more important 
and the number of students taking aero- 
nautical work increased, more and more 
time was devoted to the subject, and 
regular curricula and departments of 
aeronautical engineering were estab- 
lished in some schools. In others the 
recognition of aeronautics has gotten 
only to the stage of offering aero- 
nautics options. The courses offered 
by the pioneers were naturally given 
in their own departments, and when an 
aeronautics option was established it 
was made an option in the branch of 
engineering with which the pioneer 
was connected. As it happened, most 
of these pioneers were mechanical engi- 
neers whose initial interest in aero- 
nautics was the result of previous work 
on internal combustion engines or 
screw propellers. Although the struc- 
tural theory associated with aircraft de- 
sign is equally interesting to the struc- 
tural engineer, it happened that few, if 
any, civil engineering teachers became 
sufficiently interested in aeronautics 
to establish aeronautical courses or 
options. 

Though civil engineering depart- 
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ments showed little interest in aero- 
nautical instruction, in the days before 
there were sufficient graduates in aero- 
nautical engineering, much of the struc- 
turdl and aerodynamic design of air- 
planes was carried out by men who had 
graduated in civil engineering. In fact 
when Professor Newell and the writer 
compiled a list of chief engineers and 
chief stress analysis men of the impor- 
tant American airplane companies, 
about 1925, we found that the majority 
had graduated in civil engineering. 

In view of this history it appears un- 
fortunate that the civil engineering stu- 
dent is allowed to get the impression 
that airplane design is no more in his 
field than the design of hydraulic tur- 
bines or radio sets. It is quite true 
that the training of the civil engineer 
is inferior to that of the mechanical 
engineer in respect to the design of 
aircraft engines and much of the de- 
tailed construction of the modern air- 
plane. The average civil engineering 
course, however, is stronger than the 
mechanical in structural theory and is 
thus a better foundation for much work 
in stress analysis. When it comes to 
aerodynamic theory and performance 
estimation the two branches are about 
equal. Aerodynamics is a branch of 
fluid mechanics which is best taken 
up after the student has some acquaint- 
ance with the related branch of hy- 
draulics. The latter subject is given 
by the civil engineering department in 
some schools and the mechanical engi- 
neering department in others. It can- 
not be said to “belong” unquestionably 
in either. From the viewpoint of sub- 
ject matter the civil engineering de- 
partment is as logical a location for an 
aeronautics option as the mechanical 
engineering department. 

In an aeronautics option in either 
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- applications of structural theory in ad- 











civil or mechanical engineering there 
should be at least a one-year course in 
aerodynamics and its applications, and 
a one-year course in the aeronautical 
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dition to the basic courses of the cur- 
riculum in which the option is estab 
lished. The graduate of such an option 
in either civil or mechanical engineer- 
ing should find himself competent to 
carry his load in either the aerody- 
namics or the stress analysis work of 
an airplane manufacturing company, 
The graduate of a mechanical engineer 
ing option would have the advantage in 
work on power plants and on detail 
design and layouts, though a good man 
graduating from a civil engineering 
option could soon adjust himself to 
work in the latter field. On the other 
hand the graduate of the civil engineer 
ing option would have the advantage 
in connection with airport and airway 
work, 

At the present time the writer knows 
of but one aeronautics option offere 
by a civil engineering department, ani] 
it was organized very recently. He 
believes it worth while to discuss this 
option in some detail since it illustrates 
what can be done in a representative 
institution, and also what the write 
considers to have been errors in dé 
signing its curriculum. In this optid 
the student takes the regular civil engy 
neering course for the first three yeatt 
In the last year he must take 35 seme 
ter units. Of these 16 are required @ with 9 y 
all civil engineering students and, a 3 units of 
cording to the catalogue, the remainiiftures th 
19 are for the option subjects. , Acti apparent 
ally, however, 5 of the 19 units af 
optional only in respect to the semest# 
in which they are taken, leaving ofl 
14 units for aeronautics. The fourl™ 
year program in detail is as followsiw; 
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AERONAUTICS OPTION IN CIVIL ENGINEERING 


First SEMESTER 


Course 
CE 40 Water Supply Engin. .......... 4 
CE 64 Structural Design ..: 
CE 99 Inspection Trip 
CE 10 Navigation 
CE 67 Stat. Indet. Struc. .............. 3 
ME 33 Aeronautic Engin. ............. 3 


SEcoND SEMESTER 


Course 
CE 41 Sewerage 
CE 65 Structural Design 
CE 24 Airport Design 
CE 66 Earth and Masonry Struc. ..... 3 
CE 70 Airplane Structures 3 
CE 90 Contracts and Specs. .........-. 2 


Courses CE 40, 41, 64, 65, and 99 
are required of all civil engineering stu- 
dents in the semester listed. The other 
courses are those of the option. CE 66 
is required of all options and CE 90 of 
all hut the sanitary option. Why the 
sanitary option men get by without the 
course in contracts I do not know. 
Perhaps the. writing of contracts for 
sewers in that state is left up to the 
political bosses. CE 67, statically in- 
determinate structures, is also required 
of the students in the structural op- 
Btion. The other courses listed are 
_§ strictly aeronautical option courses. 

A little earlier it was stated that the 


4a aeronautics option ct:old include a 


# full year of aeronautical structura! the- 
ory and a full year of aerodynamics. 
In the program under consideration the 
time devoted to these subjects is appar- 
"Bently only half that amount. In so far 
“gas structures is concerned, however, 
"gwith 9 units of structural design and 
BS units of statically indeterminate struc- 
matures, the deficiency is probably more 
“eapparent than real. At Stanford for 
MBthe last dozen years the same basic 
“gcourse in statically indeterminate struc- 
Matures has been given to both aeronauti- 
“gcal and structural engineering students 

with very satisfactory results. If CE 
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67 of the curriculum under study is 
given with suitable consideration to 
the needs of the aeronautical as well as 
the structural option students, there is 
no need to ask for more structural the- 
ory. The curriculum might be made 
of more value to the aeronautical stu- 
dent, however, if the subject matter of 
the second semester course in structural 
design, CE 65, were given an aero- 
nautical flavor. If it were considered 
inadvisable to give a separate course in 
airplane detail design, some of the 
problems used in the course offered to 
all civil engineering students could be 
aeronautical in character. The result- 
ant broadening of the scope of this 
course would be of advantage to the 
civil engineering students in all of the 
options. For the non-aeronautical stu- 
dent these problems would give highly 
desirable practice in design where more 
than usual care must be used to avoid 
excess weight. 

The three units allotted to aero- 
dynamics in the curriculum under 
study is not enough, and another three 
units should be offered in the second 
semester. In the opinion of the writer 
this could be done most advantageously 
by omitting the course in navigation 
and moving Earth and Masonry Struc- 
tures (if it is to be retained) to the 
first semester. Though navigation is 
an interesting subject, it has practically 
no relation to airplane design, and little, 
if any, to airport design. What little 
might be necessary in connection with 
airport design could well be included 
in the course in that subject. The time 
allotted to navigation would not make 
the student a competent navigator, even 
if he happened to desire to be one, 
while if it were devoted to aerody- 
namics it could make the difference be- 
tween a superficial and a worth-while 
introduction to the subject. 
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Another possible change for the bet- 
ter would be to omit the course in 
Earth and Masonry Structures and 
substitute a first semester course in 
aircraft power plants and propellers. 
So far as the airplane designer is con- 
cerned a course in “Dams, retaining 
walls, bridge piers and abutments, 
shallow bins, deep bins, culverts, arches, 
foundations, and soil mechanics” as CE 
66 as officially defined in the catalogue, 
is something of far less value than one 
in power plants and propellers. The 
airport designer, however, would need 
some of these subjects, and the student 
in the aeronautical option might be al- 
lowed to choose between the two 
courses. 

On the whole the curriculum under 
discussion would provide a student a 
satisfactory training for entry in the 
field of aeronautical engineering. Its 
only major defect is lack of time de- 
voted to aerodynamics and that could 
easily be remedied by substitution of 
more of that subject in place of Naviga- 
tion. If such a change were made and 
the instruction retained at the standard 
of the institution at which it is offered, 
it should prove an excellent training 
for entry into the aeronautic field. 

Some may feel that even with the 
suggested changes, the student taking 
the curriculum under discussion would 
not have had enough aeronautical engi- 
neering to make the curriculum worth 
while. Stanford experience, however, 
is to the contrary. Although Stanford 
students who complete the require- 
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ments for the degree of Engineer in 
Mechanical Engineering: Aeronautics 
take much more aeronautical work 
than is called for in the above sugges- 


- tions, there have been a fairly good 


number who have entered the aero- 
nautical industry with approximately 
the amount of time devoted to aero- 
nautical subjects that is called for in 
the suggested option. These men have 
not found themselves unprepared, but 
have fitted in rapidly, and are having 
successful careers in the industry. 
There is no reason why students get- 
ting approximately equivalent training 
in other schools should not do as well. 
The object of these remarks has been 
to point out that a school with a good 
department of civil engineering, by the 
addition of a very small number of 
courses in aeronautical subjects, is able 
to offer a worth-while option in aero 
nautical engineering. All the addi- 
tional courses required could easily be 
given by a single faculty member, 
though it is unusual to find a man who 
is equally interested in aerodynamic 
and in airplane structures. It is there 
fore hoped that these comments may 
fall upon receptive ears and that when 
conditions become more normal, there 
will be more than one civil engineerin 
department offering aeronautical op 
tions. Such a result would not only 
be good for those departments, but 
for civil engineering students who dé 
cide in their last year or two of schodl 
that they would like to enter the aere 
nautic field. 
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Some Suggestions on the Teaching of Structural 
Analysis and Related Subjects 


By F. R. SHANLEY 
Engineering Research Division Engineer, Lockheed Aircraft Corporation 


The following notes are based on the 
author’s experience in the aircraft in- 
dustry over a period of more than fif- 
teen years, most of which was spent in 
close contact with the structural phases 
of airplane design. During this pe- 
riod the airplane has changed so much 
that entirely new methods of analysis 
and engineering procedures have been 
evolved ; even the organization of engi- 
neering activities has changed. It 
might therefore be of interest to men- 
tion some of the more important de- 
velopments and trends, and to discuss 
the influence of such developments on 
aeronautical engineering education. 

The general influence of aeronautics 
on structural theory and design is by 
this time well understood and needs no 
further emphasis. During the past 
few years many excellent technical pa- 
pers and textbooks have been written, 
covering such subjects as thin-web 
shear beams, buckling of plates and 
shells, stability of frameworks, and pre- 
vention of fatigue failures. In addi- 
tion, there now exists a wealth of infor- 
mation in the form of restricted reports 
of the National Advisory Committee 
for Aeronautics, War Metallurgy Com- 
mittee, and other government agencies. 
Most of this material may be regarded 
as the extension of previously known 
structural theories; it should become 
generally available at the end of the 


war and much of it will find its way 
into the curriculum in due course. 

Less attention seems to have been 
given to the influence of aircraft prob- 
lems on the more elementary phases of 
structural analysis, such as mechanics 
and strength of materials. It may 
therefore be worth while to mention 
some specific examples and to offer 
some suggestions of a practical nature. 
Before doing this, however, it would be 
well to consider the overall picture, 
which has been clearly stated in a let- 
ter from Professor Hardy Cross, as 
follows : 


“There are clearly now in mechanics 
three rather different approaches or phi- 
losophies. One is the rather ancient and 
traditional one of the structural designer. 
The second is that of the machine de- 
signer, and now a third appears to have 
entered the field, that of the airplane 
designer. I do not know that it is im- 
portant from an industrial point of view 
that they be reconciled. I do think it is 
important from the educational point of 
view that they be reconciled. I am told 
that the airplane designer wishes con- 
sistent design with a uniform factor of 
safety for ultimate loads. Certainly this 
is not the tradition in the field of struc- 
tural design. I am a little confused as to 
what the philosophy of machine design 
is, or in fact whether there is one. I 
hold no brief for any of the philosophies. 
The objection to any change, of. course, 


375 


_ oo 2 


aries 








RTE 


WIMAX 5p nity ea RS OA 





Sean 


SSRIS GARE S IS. RRS UT REO, 


hr 


ASRS 


FFs, 


h 


i 


376 


is that it tends to scrap millions of dol- 
dars worth of experience in the field.” 


In answering Professor Cross’ let- 
ter, I stated in part: 


“You are quite right about the three 
different approaches or philosophies in 
structural design. The aircraft people 
have gone their own way for many 


years, with the result that there is a large . 


gap which makes it difficult for us to take 
advantage of much valuable work in 
other fields, and vice versa. The common 
ground seems to lie in dealing with the 
actual behavior of a structure under load; 
i.e., at what loads does it buckle, yield, 
tear apart; how many repeated loadings 
of given intensity will it stand. If the 
structural experts could agree on this ap- 
proach, the values of factors of safety and 
working stresses could be left to the vari- 
ous special design groups and government 
agencies.” 


In introducing the student to the 
study of structures, it would seem im- 
portant to emphasize the fact that there 
are several different systems of han- 
dling factors of safety and working 
stresses, but that all are based, directly 
or indirectly, on the prediction of the 
actual behavior of the structure under 
load. 

So far as possible, the student should 
be given an opportunity to apply and 
check the basic laws and formulas, 
through laboratory experiments. He 
Should observe actual failures of dif- 
ferent types of construction, after hav- 
ing estimated the failing load by ana- 
lytical methods. Next to the first flight 
test of an airplane, there are few mo- 
ments more tense than those when the 
final increment of load is being added 
in a full scale destruction test of the 
structure. The stress analyst knows 
full well that premature failure may 
cause serious design changes and pro- 
duction delays; yet he is equally con- 


TEACHING OF STRUCTURAL ANALYSIS 


cerned lest the structure take much 
more load than required, which would 
reveal poor structural efficiency. 





A related subject which . deserves 


‘ much emphasis in structural teaching 


is the matter of non-uniformity of ma- 
terial properties. The student should 
be given a clear understanding of the 
manner in which the mechanical prop- 
erties of materials may be expected to 
vary from piece to piece and from lot 
to lot. This can be illustrated by means 
of frequency distribution diagrams. 
Much information of this type exists 
in the laboratories of the material pro 
ducers, but relatively little is ever pub 
lished. It might be worth while to 
have the student perform some labora- 
tory experiments involving the testing 
of a fairly large number of specimens, 
plotting the frequency distribution 
curves, and selecting suitable design 
values (both ultimate and yield stresses 
could be included). If actual testing is 
not feasible, the student could be given 
some tables of typical values to work 
with. 

An important but much neglected 
subject is the correction of test results 
to “standard.” For aircraft structures 
this can become very complicated and 
requires a thorough knowledge of the 
mechanism of failure, particularly for 
parts which fail through buckling. A 
typical example from aircraft work # 
the testing of small panels representing 
portions of the wing or fuselage. Hert 
we must take into account the influenc 
of E (modulus of elasticity), yield 
stress, end-fixity, and other factors 
Non-dimensional presentation of dataj 
furnishes the best general solution t 
this problem. Structural enginee 
unlike aerodynamicists, have been slo 
to utilize non-dimensional methods) 
The final solution of all problems i 
volving material variations lies in the 
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TEACHING OF STRUCTURAL ANALYSIS 


use of non-dimensional stress-strain 
diagrams. This has recently been fa- 
cilitated by simplified methods of pre- 
senting stress-strain diagrams mathe- 
matically. 

An excellent laboratory experiment 
for students might be built up around 
the testing of several compression 
members of different lengths and the 
reduction of the resulting column curve 
to a “standard” stress-strain diagram 
and to a specified coefficient of fixity. 

In dealing with external loads, the 
methods of collecting or “summing up” 
forces in space should be made more 
general. In the past it has been custo- 
mary to cover this during the treatment 
of beams, by working with shear and 
bending moment diagrams. This is 
logical when applied to simple trusses 
and frameworks, but in airplane wings, 
for instance, we have a three-dimen- 
sional problem involving bending (or 
torsion) about three axes. To take 
care of this it is convenient to refer all 
loadings to a “load axis,” from which 
the resultant loads at any point may 
later be transferred to a “structural 
axis” (usually passing through the 
centroids of cross-sectional area). It 
is important to note that this structural 
axis sometimes is not accurately de- 
fined until the structure is almost com- 
pletely designed. The use of an arbi- 
trary load axis permits the completion 
of the external load analysis without 
any knowledge of the internal struc- 
tural arrangement. 

The principles involved in force sum- 
mation are, of course, very simple; the 
important points to emphasize are sys- 
tematic tabulation of the data, consis- 
tency in sign conventions, and step-by- 
step checking. A laboratory experi- 
ment could be set up by using a can- 
tilever beam of irregular shape (such 
as a bent tube), hanging weights at 
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different points, and computing the re- 
actions about designated space axes at 
the root. It would even be possible to 
support the root of the beam in such a 
manner that the computed reactions 
(moments) could be applied to balance 
the beam and check the computations. 

If the bending moments acting on a 
given cross section of a wing or fuse- 
lage are computed, it is very unlikely 
that. the resultant moment will act 
about one of the principal axes of the 
cross section. It is therefore most im- 
portant that the engineer understand 
and be able to apply the theory of un- 
symmetrical bending. This should be 
covered when the beam theory is being 
explained, not left to be treated as an 
advanced problem. Very serious er- 
rors can be made by failing to handle 
unsymmetrical bending in the proper 
manner. 

In analyzing for unsymmetrical 
bending, aircraft engineers have found 
it expedient to eliminate the determina- 
tion of the principal axes and to work 
directly with the reference axes used 
for computing the section properties. 
This very useful method, which in- 
volves modification of the symmetrical _ 
bending formula (f=My/I), has. not 
been sufficiently emphasized, although 
it has been available for a relatively 
long time. 

To impress the student with the im- 
portance of the unsymmetrical bending 
theory it would be desirable to conduct 
a laboratory experiment in which the 
strains caused by bending would be 
measured. A beam of rectangular cross 
section might be employed and the 
direction of the applied bending mo- 
ment could be varied by changing the 
direction of loading. It would be pos- 
sible also to show the effect of unsym- 
metrical bending on the stiffness, by 
measuring the deflection produced. 
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(This point is often overlooked in 
design. ) 

Incidentally, the treatment of bend- 
ing and torsional moments by means 
of vectors is practically mandatory in 
work of this type. The use of the 
plane of action to designate the moment 
should be avoided entirely. This is 
too often confused with the plane of 
the resultant shear load, which is not 
necessarily coincident with the plane 
of the resultant bending moment. 

The use of the conventional shear 
stress formula (SQ/b/) is highly ques- 
tionable when the cross section of the 
beam varies along its length. It should 
be emphasized that the classical theory 
is based on the assumption of uniform 
cross section. Serious weaknesses in 
the structure may go unnoticed if the 
classical formula is used for beams hav- 
ing rapid changes in cross section, such 
as often occur in airplane wings. The 
student should be made to realize that 
the shear stress (or, more properly, the 
shear flow) is governed entirely by the 
change of axial loads within the beam ; 
if this is once determined or calculated, 
the shear distribution must agree. The 


' shear stress equation is therefore to be 


regarded as of secondary importance, 
in comparison with the equation for 
axial stress due to bending (f=My//). 

Perhaps the most serious shortcom- 
ing of the older methods of teaching 
structures was the lack of information 
on combined loading conditions. The 
subject of combined stresses has been 
greatly clarified by the use of Mohr’s 
circle. But the problem of allowable 
combined stresses has long been one of 
the weakest links in aircraft structural 
analysis. Each of the simple loading 
conditions has been explored in great 
detail, but in an actual airplane struc- 
ture we are very lucky to find a case 
of simple loading. 
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An entirely workable answer to this 
problem has been found in the “‘inter- 
action curve,” or “stress-ratio” method. 
This method makes full use of what is 


’ already known about the’ simple loading 


conditions. It is also general enough 
to cover almost any theory of failure 
and it is ideal for presenting test results 
without any theory. (One of the first 
discussions of this method will be found 
in an article entitled “Stress Ratios,” 
Aviation, June 1937.) 

The interaction curve method could 
be illustrated by simple laboratory ex- 
periments. Using round tubes for 
specimens, the student would determine 
the ultimate moments for simple bend 
ing and for simple torsion. Then tests 
would be made for different combina 
tions of bending and torsion. The re 
sults would be plotted in the form of an 
interaction curve. 

Column theory offers many oppor 


‘tunities for interesting laboratory ex 


periments. One thing which could 
easily be demonstrated is the fact that 
the critical compressive load is very 
closely related to the lateral stiffness of 
the column. There is a story about an 
old-time designer who selected tub 
sizes for compression members by 
placing the tube across two boxes ant 
bending it with his knee. This me 
is actually far more logical than ap 
proaching the problem from a sires 
point of view, although it should 
possible to be somewhat more scientifit 
about it! 
In this connection, a very interesting 
experiment could be set up to show thal 
elastic buckling occurs when the later 
stiffness becomes zero. At varioi 
stages during axial loading of the 
umn the lateral stiffness may be 
ured by applying a side load at t 
middle and measuring the lateral deflet 
tion. If the first quantity is divic 














) this } py the second and plotted against end 
inter- § joad, it will be evident that the lateral 
thod. stiffness approaches zero as the applied 
hat i$ § joad approaches the Euler buckling 
ading J joad. This method has been found 
ough § yery useful in predicting the critical 
ailure § buckling load of large structures, with- 
esults § out carrying the test to actual failure. 
> first The use of the stress-strain diagram 
found in the plastic range can be convincingly 
tios,” § demonstrated by employing the tangent 
modulus in the Euler equation, to pre- 
could dict the “short-column” curve. It 
Y &%8 would be necessary to obtain a com- 
S for pression stress-strain diagram for the 
rmine§ material, using a short compact speci- 
bend-§ men. Other lengths of the same bar 
. tests § would then be tested as columns. 
nbina-§ Closely related to the subject of non- 
he t€§ dimensional curves, previously men- 
of anf tioned, is the application of the princi- 
ples of dimensional similarity. Al- 
ppor Ee though this subject has been highly 
y ©€§ developed by many authors, some engi- 
could neers seem to be unaware of the useful- 
t that ness of the most elementary principles. 
| very® For example, assume that a test has 
ess AB been conducted to determine the 
out ai§ strength of a certain compression panel. 
_ tube This test actually gives the answer for 
rs bE an infinite family of geometrically simi- 
*s aml lar panels, each of which is derived 
rethod from the tested structure by multiplying 
in aP§ all dimensions (including length) by a 
stréS®@ size factor, mn. It is only necessary to 
11d be multiply test loads by n?, in determin- 





#® ing the strength of any member of the 
family. For members which fail in 
i bending or torsion, the moments vary 
mas n*. Stresses stay constant, while 
cross-sectional areas vary as m* and 
weights vary as n°. f 

This simple reasoning may often be 
used to save many hours of stress 
analysis or thousands of dollars worth 
lee® of testing. To check on the possibility 
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of “expanding” an existing structural 
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component for use on a larger airplane, 
for instance, it is only necessary to de- 
termine the size factor, m, and note 
whether the new applied loads happen 
to be increased by the factor n? and the 
montents (bending or torsional) by n’*. 
If they are not, it indicates that a dif- 
ferent type of design.is necessary. This 
process can be facilitated by using 
structural indexes or coefficients, such 
as S/h? for shear beams (h is depth of 
beam; S is shear load); M/D* for 
shells in bending or torsion (D=diame- 
ter or other comparable dimension). 

It might be advisable to impress the 
student with the importance of these 
principles by conducting tests of geo- 
metrically similar structures of different 
size. At the same time it should be 
made clear that the principles may not 
apply equally well to dynamic loading 
conditions such as impact, where size 
has more than a geometrical effect. 

There are many other interesting 
subjects suitable for laboratory demon- 
stration, but in general these are al- 
ready well recognized and will there- 
fore be mentioned only briefly. Some 
of the more important are fatigue, im- 
pact, stress concentration, redundant 
structures, relaxation methods of an- 
alysis, and temperature effects. In ad- 
dition, a few production subjects would 
help round out the students’ structural 
knowledge. Typical of this class are 
springback, minimum bend radius, local 
elongation, and welding (arc, gas, spot, 
flash, etc.). In fact, the modern struc- 
tural engineer should be well trained 
in the principles and applications of 
physical metallurgy. 

Some of the more recent develop- 
ments in testing equipment and tech- 
niques may be of interest. Photoelas- 
ticity is, of course, a field in itself and 
needs no further emphasis. Stresscoat 
(strain-indicating paint) may be found 
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useful in developing a better under- 
standing of strain distribution. Large 
rubber models, inscribed with suitable 
grids, are most useful in demonstrating 
many structural phenomena (for ex- 
ample: tension-field webs). Photo- 
grids may be placed on actual test 
specimens and are widely used in con- 
nection with sheet metal forming. It is 
taken for granted that the resistance 
type of electrical strain gauge will be 
demonstrated and described. In_ fact, 
the student should be required to con- 
struct several such gauges, calibrate 
them, and use them to measure strains 
on a structure under load. Advanced 
courses should include the use of the 
oscilloscope for dynamic strain meas- 
urements, and the oscillograph for re- 
cording variable strains. The standard 
mechanical and optical types of strain 
gauges should be included in the less 
advanced courses. 

All this sort of work will help put 
across a fundamental point, which is 
that most structural analysis is actually 
strain analysis and that stresses cannot 
be measured directly. This is perhaps 
cne of the most important trends in 
modern structural analysis and every 
effort should be made to avoid the easy 
mistake of lumping stress and strain 
together, or using one term when the 
other actually applies. A simple guide 
to give.the student is that stress is usu- 
ally involved in dealing with equilib- 
rium, while strain is connected with the 
geometry and continuity of the struc- 
ture. Because it has been possible to 
make simplifying assumptions regard- 
ing the strain distribution in tension, 
bending, and torsion, it has become cus- 
tomary to think in terms of stresses. 
Actually strain comes first. Failure to 
realize this will make it very difficult to 
understand and analyze structures such 
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as joints, in which localized conditions 
are involved. This is, of course, noth- 
ing more than an applicant of St 
Venant’s principle, but it is doubtful 


' whether the far-reaching significance of 


this principle is clearly recognized by 
most students. 

In discussion and correspondence 
with educational people one of the most 
frequent questions concerns the place 
of aeronautical engineering subjects in 
the curriculum. In fact, there seems to 
be some question as to whether aero 
nautics should form the basis for a 
school of engineering. It would seem 
that the answer to this controversial 
question may be found by examining 
the evolution of the aircraft industry 
itself, particularly the engineering de 
partment. 

Only a few years ago it was possible 
for an individual to carry most of the 
responsibility for the design of an em 
tire airplane. In those adolescent days 
of the industry the greatest problems 
were aerodynamic; educational atten 
tion was therefore centered around 
aerodynamic theory, performance, and 
wind tunnel work. Stress analysis was 
at first not too difficult, as most strue 
tures were simple trusses and it was not 
essential to work to the close margins 
of safety required today. The mechan 
cal features of yesterday’s airplane 
were elementary, consisting largely of 
control cables and simple mechanisms. 
It was therefore quite possible for an 
individual to acquire the necessary edw 
cational background in all of the sub 
jects involved. After a few years of 
experience he might be able to desigt 
an airplane that would fly reasonably 
well; in other words, he could rightly 
call himself an aeronautical engineef. 
Under these conditions the aeronautical 
engineering schools which* were first 
established did a great deal to accelerat 
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the progress of airplane design in this 
country. 

Conditions today are entirely differ- 
ent. Aerodynamic design is highly spe- 
cialized and is concentrated in a very 
small percentage of the engineering de- 
partment. Structural analysis has be- 
come much more complicated and ex- 
acting, as indicated by the foregoing 
notes. The mechanical and electrical 
fields have been greatly expanded by 
such developments as hydraulic sys- 
tems, retractable landing gear, wing 
flaps, cabin pressurization, and high al- 
titude problems. The result is that a 
modern aeronautical engineering de- 
partment is actually composed largely 
of structural engineers, mechanical 
engineers, and electrical engineers. 
These are usually further subdivided 
into specialized fields such as_ hy- 
draulics, heating and ventilating, radio, 
structural testing, and production engi- 
neering. About, the only thing that 
these groups have in common is that 
they are all trying to do their job with 
an absolute minimum of weight, to get 
their stuff into the same space, and to 
meet the same flight date. 

These are the actual conditions as 
they exist today in any large airplane 
factory. The trend is toward even 
more specialization, as the airplane 
grows larger and more complicated. 
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Getting back to the subject of struc- 
tures, we need draftsmen, designers, 
and stress analysts who really under- 
stand structures from the ground up, 
who can readily visualize the most ef- 
ficient structure for a given case, and 
who can also make the necessary com- 
promises for low-cost production. 
Thorough training in the application of 
the principles of elasticity, structural 
theory, and physical metallurgy is more 
important for such people than the study 
of aerodynamic stability, wind tunnel 
corrections, and performance calcula- 
tions. A few fundamental courses in 
applied aerodynamics and overall air- 
plane design principles and procedures 
should be all that is necessary in the 
way of aeronautical training, for struc- 
tural engineers, 

Paradoxically, it appears that the 
aeronautical engineering profession has 
become too big for its own shoes. It 
would seem that future progress would 
be greater if more attention were given 
to broadening the older schools of engi- 
neering to include problems connected 
with airplane design, production, and 
operation. In this way the airplane in- 
dustry would secure greater benefits 
from developments in other industries, 
while the new problems of aeronautics 
would stimulate thinking in the older 
branches of engineering. 
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the optical microscope chiefly in that in 
it the specimen to be examined is “il- 
luminated” by directing on it a con- 
centrated beam of electrons, instead 
of light. In passing through the speci- 
men, the electrons are affected in vary- 
ing degree, according to the density 
and composition of the various parts 
of the specimen. Thus, the electron 
beam emerging from the specimen 
bears the pattern or “image” of the 
specimen. This “image” is magnified 
by as much as 20,000 times by a sys- 
tem of “magnetic lenses” which cor- 
respond in function to the optical 
lenses in a light microscope. 

Since the electrons have a much 
shorter wavelength than light, they can 
make visible details and particles much 
smaller than the smallest that can be 
seen with a light microscope. For this 
reason, electron micrographs have such 
good resolution that they may be 
photographically enlarged 10 or 20 
times further, providing a total useful 
enlargement of 100,000 to 200,000 
times the diameter of the original speci- 
men. This compares with 2,000 to 
3,000 diameters with the best optical 
microscopes. 

Another advantage of the electron 


* Presented at the Spring Meeting, Mid- - 


Atlantic Section, S.P.E.E.. May 6, 1944, 
Camden, N. J. 


RCA Electron Microscopes * 


By PERRY C. SMITH 


Engineer in Charge, Electron Microscope Design Section, RCA Victor Division, 
Camden, N. J. 





The electron microscope differs from 
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microscope is that the practice off const: 
“staining” the specimen, often used inf} for p: 
optical microscopy, has not been found Today 
necessary up to this time. Many struef Micro 
tural details ordinarily blurred by stain-§ more . 
ing can be seen in the unstained speck with t 
men in electron microscopy. which 
It appears from experience to date labora 
that specimens from which all surface define 
moisture has first been removed can bef of the 
subjected to a concentrated electron which 
bombardment in a vacuum without it§ jin whi 
jury to the specimens, Ff plicatic 
Important new applications of th The 
electron microscope in the field of baci five mz 
teriology include the study of the eb tem, in 
fects of disease-inhibiting drugs an elect 
as penicillin and sulfanilamide. power ; 
such studies, for example, ele system, 
micrographs have been made of staphy proper ; 
lococcus aureus (a bacterium whi a housi: 
causes bloodstream infections) in theif The - 
normal state and after subjection #§RCA FE 
the drug. a comp! 
In the field of biology, the use of thitype in 










electron microscope is more limite 
because no satisfactory method 
been found to slice sufficiently th 
sections for examination. Neverth 
less, it has already made some impée 
tant contributions, including a 
of micrographs of sections from t 
anatomy of the malaria mosquiliffene 
(Anopheles quadrimaculatus). Amofifi 
these were sections from the saliva 
glands, gut, wings, and wing scale 







































A large, clear micrograph also was 
obtained of the malarial sporozoite it- 
self. From pictures of this kind, with 
their wealth of new detail, it is hoped 
that scientists will be able to work out 
new methods of controlling and even- 
tually eradicating such diseases. 
Experience and knowledge in the field 
of electron optics, gained by RCA in 
years of television research, has played 
an important part in the design and 
construction of electron microscopes 
for production on a commercial basis. 
Today, more than sixty RCA Electron 
Microscopes are in use, with many 
more on order. The experience gained 
with this group of instruments, most of 
which are located in leading research 
laboratories, has made it possible to 
t# define more accurately the advantages 
8 of the electron microscope, the results 
which may be expected, and the fields 
in which it will find the greatest ap- 
plication. 

The electron microscope consists of 
five main elements; (1) a vacuum sys- 
tem, including pumps, valves, etc.; (2) 
an electrical system made up of several 
power supplies; (3) an electron optical 
system, which forms the microscope 
proper ; (4) a control system; and (5) 
a housing. 

The-new Universal Model of the 
RCA Electron Microscope represents 
a complete redesign of the laboratory 
type instrument which has been in 
production for the past four years. It 

incorporates many improvements and 
im simplifications in mechanical and elec- 
trical design which make for more con- 
venient operation, more consistent re- 
sults and greater ease in servicing. 
he field of application has been broad- 
it@ened and the usefulness increased by 
including an electron diffraction camera 
$ a built-in unit.. ‘Thus, it is now 
possible to make electron micrographs 
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and electron diffraction patterns of the 
same specimen in a matter of minutes. 
The information gained by electron 
diffraction is of great value in deter- 
mining the atomic structure of a sub- 
stance. The electron diffraction unit 
alone may sometimes be used in iden- _ 
tifying unknown substances and in | 
detecting impurities in known ma- 
terials. 

When a photograph is to be taken, 
slide doors cover the windows. The 
cable release on the panel operates a 
shutter exposing the plate. Direct 
magnification can be varied in forty 
steps from 100 times to 20,000 times. 
Resolution is better than 100 Angstrom 
units—that is, details as small as a 
quarter of a millionth of an inch can 
be seen. 

The Console Model of the RCA 
Electron Microscope is an entirely new 
type of instrument designed to meet 
the need for a smaller, less expensive 
unit. It employes the. same type of 
circuit as the larger microscope (in- 
cluding the highly desirable feature of 
magnetic lenses), is built to the same 
quality standards, and provides per- 
formance of the same order as its 
bigger brother. It does not however 
have a diffraction unit, and has only 
two magnification steps—500 times 
and 5,000 times. 

In the Console Model, the electron 
optical system is mounted horizontally 
and the image appears directly on the 
screen at eye level. The whole equip- 
ment, including oil and mechanical 
pumps and power supply, is mounted 
in a desk-type console. Access to the 
pumps and power supply. is from the 
back. Specimens are inserted through 
a door in the top of the column. 
Photographs are taken by inserting a 
2” x 2” slide in the door just beneath 
the viewing screen. 
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The Console Model is especially 
suitable for use in smaller laboratories, 
in schools, in hospitals, and for proc- 
ess control and material control in fac- 
tories. 
operation, it can be operated with a 
minimum of training. It is particu- 


Because of its simplicity of © 


larly well suited for control and analy- 
ses operations which have been more 
or less standardized. It is expected to 
find widespread use for this purpose 
in the chemical, metallurgical, textile, 
food and petroleum industries as well 
as in the bacteriological field. 
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Status of Television* 


By KENNETH A. CHITTICK 
Section Supervisor, RCA Victor Division, Camden, N. J. 


Television broadcasting was for- 
mally introduced to the public at the 
opening of the New York World’s 
Fair. At that time, television receivers 
were offered for sale by General Elec- 
tric, DuMont, RCA and others which 
incorporated picture tubes producing 
pictures on 5 inch, 9 inch, 12 inch, and 
20 inch screens. 

Shortly after, RCA demonstrated 
large-screen television to a select audi- 
ence in a New York theater. This 
picture was projected on a standard 
motion picture screen by a Schmit 
optical system consisting of a 36-inch 
reflecting mirror and correcting lens. 
The picture was 20 feet in width. In 
order to produce sufficient light for 


‘Bso large a screen, it was necessary to 
‘Bidevelop special cathode ray tubes and 


circuits for operation at 70,000 volts. 
The first steps were also taken in 
the development of television relays 


to transmit television pictures to dis- 


Plant cities. . 
Bing at very high frequencies and co- 


Both radio relays operat- 


‘Baxial cables were developed and in- 
‘Bstalled for the transmission of these 


‘Bpictures. 


The first coaxial cable was laid be- 


Biween New York and Philadelphia by 


‘Pie Bell Telephone Company, and ex- 
‘Bperimental pictures were successfully 


5g 





transmitted. 
* Presented at the Spring Meeting, Mid- 
ntic Section, S.P.E.E., May 6, 1944, 
mden, N. J. 
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The introduction and rapid growth 
of a new industry was not without its 
problems. The Radio Manufacturer’s 
Association, through their Engineer- 
ing Committees, had originally formu- 
lated a set of engineering standards 
of transmission which were utilized at 
the time of introduction of television 
broadcasting. 

The Federal Communications Com- 
mission became interested in determin- 
ing the best set of standards for the 
industry in order to prevent, insofar 
as possible, any obsolescence in the 
television sets sold to the public. The 
commission issued instructions for a 
new group of engineering committees 
to be set up to review the RMA stand- 
ards then in operation, and to approve 
or to formulate new standards for the 
future television industry. This work 
was practically completed at the open- 
ing of the war. 

Since the war, all television develop- 
ment has been curtailed. However, 
development work on allied war equip- 
ment has been accelerated, and the 
knowledge gained through this con- 
centrated effort on new radio circuits 
can be applied to postwar television 
techniques. It is expected that post- 
war television receivers will have 
brighter pictures, larger screens, both 
the direct viewing and the projection 
type and at reasonable cost to the pub- 
lic. It is expected that Schmit optics 
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using plastic lenses will be utilized in 
the design of some of these projection 
receivers. 

In the past few months, the Federal 


. Communications Commission has again © 


encouraged a further review of the tele- 
vision standards by engineers of the 
industry. A Radio Technical Planning 
Board has been set up consisting of 
experts representing the entire radio 
industry, as. well as others who are 
either using or have claims on the radio 
spectrum. This Radio Technical Plan- 
ning Board has been instructed to re- 
view the recommendations formally 
prepared by the original engineering 
committee and to make new recom- 
mendations to the FCC on television 
standards and also on the allocation 
of frequencies for all radio services. 

It is the object of the Radio Tech- 
nical Planning Board to -have all of 
these questions settled before the end 
of the war insofar as manpower is 
available, so that the postwar radio 
industry may formulate definite plans 
and be able to introduce television and 
also expand frequency modulation 
broadcasting, as soon after the termi- 
nation of the war as possible. 

The first television markets will 
logically be in the cities where televi- 
sion transmitters have been  con- 
structed. Such facilities are now avail- 
able in New York, where television 
programs are now broadcast practically 
every day of the week, Philadelphia, 
Albany-Schenectady, Chicago, and Los 
Angeles. 

Estimates have been made that 
within four years after the resumption 
of television service, approximately 
thirty-three million people will have 


access to television broadcasting 
through the establishment of television 
networks by either coaxial cable or 
microwave relay systems. 

In ten years, it has been estimated 
that television service will be available 
to eighty per cent of all the wired 
homes in the United States. 

At the present time, the Radio Tech- 
nical Planning Board is reviewing tele. 
vision standards, and. although this 
work is not complete, it might be inter. 
esting to review briefly the major 
proposals. 

It is proposed that television hk 
broadcast in the 50-250 megacyck 
region on channels 6 megacycles wide 
using single side band transmission 
Twenty-six different channels have 
been indicated for assignment through 
out the country. 

The largest number of channels wil 
naturally be assigned to the major cer 
ters of population. As an example 
New York City will have approx 
mately a dozen channels available for 
television stations. 

Television pictures will be broadcast 
by a system of interlaced scanning 
utilizing 525 lines and 30 complet 
pictures every second. This syste 
will reproduce at the television receive 
a picture of adequate definition 
for a projected picture of ‘the la’ 
size. 

Summing up, television is ready t 
day technically, and only awaits t 
winning of the war for a concent 
effort by engineers to produce te 
sion transmitters, receivers, stv 
equipment, and other associated 
paratus necessary for complete opet# 
tion of a television system. 
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Properties and Uses of Luminescent Materials* 






By LAWRENCE T. WEAGLE 
RCA Victor Division, Lancaster, Pa. 


In the year 1609, an Italian alchem- 
ist Vincenzio Casciarollo, accidentally 
heated together in his forge a mixture 
of charcoal and the white mineral 
barite. As the daylight faded from his 
crude laboratory, Casciarollo observed 
a weird blue light emanating from the 
rocks he had heated. 

For over. two centuries thereafter, 
alchemists toyed with these fascinating 
substances that glowed in the dark. 
In the middle of the nineteenth century 
the French chemist Becquerel sought 
to discover the cause of the light giv- 
ing properties of phosphors. He failed 
in this but discovered radio activity. 
X-rays were discovered by Roentgen 
wheri a barium platino cyanide became 
luminescent under the then unknown 
radiations. 

Interest in luminescent materials 
then declined somewhat, until, in 1932, 
electronic engineering gave impetus to 
further research. Thus, Casciarollo’s 
experiment led to a sequence of events 
culminating in vastly superior phos- 
phors. 

RCA’s interest in inorganic lumines- 
cent materials, or phosphors, began 
with the inception of electronic televi- 
sion. It is the phosphors which have 
made the present development in this 
art possible. With their aid, science 


* Presented at the Spring Meeting, Mid- 
Atlantic Section, S.P.E.E., May 6, 1944, 
Camden, N. J. 
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was able, for the first time, to efficiently 
transform the electron of a radio cir- 
cuit into light patterns. 


PROPERTIES OF PHOSPHORS 


Phosphors are tiny crystals which 
are able instantaneously to transform 
invisible radiations such as cathode 
rays or ultra-violet light into visible 
light. They can store up or remember 
information for controllable time in- 
tervals of one ten-thousandth of a 
second to sixteen hours. Those that 
are able to store up energy and emit it 
as light after the exciting source is re- 
moved are phosphorescent. If they 
have no afterglow they are fluorescent 
or, as we say, of short persistence. 

A truly fluorescent material emits 
all its light in less than 1/1,000,000 of 
a second; one with long phosphores- 
cence will glow for 20 hours. Between 
these two extremes phosphors can be 
made with intermediate decay rates. 

In the past decade we have synthe- 
sized over 9,000 luminescent materials. 
Although, the majority are, of course, 
inefficient, many have unusual char- 
acteristics. 

Phosphors are able to convert elec- 
trical power into light more efficiently 
that any other practical means. Prob- 
ably more remarkable are the extremes 
under which a phosphor will function. 
For example, they will glow for several 
minutes after an excitation of less than 
one-millionth of a second’s duration. 
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The same phosphor will produce visi- 
ble light from the impact of cathode ray 
electrons accelerated by 6 volts or 6 
million volts. Some are sensitive to an 
electron beam current smaller than one 
one-hundred-millionth of an ampere. 
Under electron bombardment of 70 
thousand volts a coating 4 ten-thou- 
sandths of an inch in thickness may 
have a brightness of a million and a 
half foot lamberts. A well lighted 
printed page has a brightness of 10 
foot lamberts. 

Only synthetic luminescent materials 
which are tailor-made have these quali- 
ties. As a matter of fact, ordinary ma- 
terials such as salt, sugar and glass do 
luminesce faintly. Actually, of all in- 
organic materials we have made or 
examined, we have yet to find one 
which does not show some lumines- 
cence if the proper excitation is sup- 
plied. If an absolutely pure material 
with a perfect crystal structure could 
be made it would not be luminescent. 
The problem of making efficient phos- 
phors then is to incorporate, in a very 
pure base material, controllable amounts 
of certain desirable impurities such as 
copper, silver, and manganese. The 
constituents must then be fired at the 
proper temperature to produce perfect 
crystallization except for a necessary 
slight distortion and irregularity in the 
crystal lattice. 


CHEMICAL TyPEs OF PHOSPHORS 


Chemically, we divide phosphors into 
two types, silicates (or oxygen-bearing 
type) and sulfides. Zinc and cadmium 
sulfide form an isomorphous series 
which affords us a complete color 

.tange from red to violet. In this 
series are the principal sulfides which 
we use in electronic work. If we add 
silver as the activator impurity to mem- 
bers of the zinc cadmium sulfide family, 
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the phosphors we obtain are fluores. 
cent. If we add copper instead of 
silver, they become phosphorescent, 
The color changes from violet to red 
as we increase the per cent of cadmium 
sulfide. 

Examples of the oxygen bearing 
types are silicates, tungstates, and bor- 
ates of the alkaline earths, or zinc and 
beryllium. The most efficient silicates 
phosphor is willemite or zine ortho 
silicate. 

The most characteristic physical dif- 
ference between the two groups is their 
selective response to different wave- 
lengths of ultra-violet excitation. Sili- 


cates respond only to short U.V. radia. 


tions from a low pressure mercury 
arc. Sulfides are excited best by wave- 
lengths around 3600A. 

The activator, although present in 
very small amounts, produces a re 
markable change in the luminescent 
properties of the base constituent. If 
we add one per cent of manganese, the 


emission color is changed from a blue 


to a green and there is a corresponding 
increase in luminous 


several hundred per cent. Likewise, 


one per cent of manganese added to 


zinc germanate will shift the emission 
spectra from the ultra-violet to a green 
yellow with a peak at 5400A. 

If we add one part in ten thousand 
of silver ta zinc sulfide, the emission 
peak is shifted 500A toward the blue. 
However, if, instead of silver, we add 
copper, the emission color changes to 
green. 

Phosphors, when properly made, 
are remarkably stable ; however, if you 
heat them to a high enough tempera- 
ture, luminescence is reduced to zero 
and is replaced by incandescence. On 
cooling, luminescence reappears. If, 
however, the proper precautions are 
not taken to assure that contaminating 
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metals are absent, the luminescent 
property will be permanently destroyed. 
The manufacture of phosphors must be 
carried out under scrupulously clean 
conditions. For example, contamina- 
tion by one part in ten million of nickel 
or iron will decrease the luminescent 
eficiency of the phosphor 75 per cent. 
For this reason, we prepare phosphors 
in an air-conditioned laboratory and 
factory. 


Uses oF LUMINESCENT MATERIALS 


The first phosphor used by RCA in 
the television screen was green willem- 
ite. People soon became tired of see- 


Bing a green hippopotamus, a green 


mayor of New York, a green Hedy 
Lamarr. They demanded a more 
pleasing color, preferably white. Tele- 
vision white is actually not one phos- 
phor but a mixture of blue and yellow 
phosphors. 

The coating in fluorescent lamps is 
composed of blue magnesium tungs- 
tate and yellow zinc beryllium silicate. 
Fluorescent lamps have efficiencies 2 
#to 4 times as great as. incandescent 
lights and are saving this country vast 
amounts of electric power a year. For 
illumination purposes these tiny crys- 
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tals may be incorporated into paints, 
plastics and vitreous enamels. 

For wartime uses, phosphors are 
ideal for blackout illumination on power 
switches and exit signs. The Mari- 
time Commission specifies that all 
liberty ships of over 3,000 tons must 
have 4-inch-wide phosphorescent tape 
marking all passageways. 

Phosphor plastics find use in radio 
control knobs on test equipment which 
must be operated in the dark. Lumi- 
nescent paints find use on aircraft in- 
strument dials and advertising and dis- 
play signs. Luminescent walls and 
murals in the home of the future are 
not beyond the realm of possibility. 

In conclusion, I believe we can say 
that phosphors have added immeasura- 
bly to our health and happiness. They 
have indirectly given us radium and 
X-rays. They are on the fluoroscope 
screen which the doctor uses to set a 
broken bone. They are helping us 
tremendously in many ways to win 
victory over our enemies. They have 
made television practical and the elec- 
tron microscope possible. With their 
aid you now have projection television 
and will some day have color televi- 
sion. 





RCA and Industrial Electronics* 


By FRED W. WENTKER 
Manager, Electronic Apparatus Section, RCA Victor Division, Camden, N. J. 


Few subjects are more intriguing 
than the applications of electronics in 
industry, and few are more inexhausti- 
ble. Time, however, permits but the 
briefest examination of some aspects 
of this field. 

One important application of elec- 
tronics in industry is the modern plant- 
wide Sound Communications System 
which is being used for paging, for 
control’ of men and material, and, in 
ways which build employee morale. 
Included in the latter is the widespread 
use of music programs to relieve 
fatigue. 

RCA’s leadership in this field is at- 
tested by the numerous installations in 
leading manufacturing plants, includ- 
ing industry leaders such as- Botany 
Mills, Bethlehem Steel, Alcoa, and Cur- 
tiss- Wright. 

Another important application of 
electronics in industry is the Sound 
Motion Picture Projector. Now it is 
rendering an enormous service in train- 
ing and entertaining our nation’s per- 
sonnel under arms. At war’s end, it 
will take its rightful place in industrial 
training and entertainment programs. 
A typical unit is the rugged and de- 
pendable RCA 16mm. projector which 
is serving wherever our Armies are 
stationed—whether in the Tropics or 
the Polar Regions. 

* Presented at the Spring Meeting, Mid- 


Atlantic Section, S.P.E.E., May 6, 1944, 
Camden, N. J. 
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What promises to be one of the most 
important of industrial electronic ap 
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plications is the use of high-frequency 
power from electron-tube oscillators in 
industrial heat processes. 

I am referring, for example, to the 
use of electronic power through indue 
tion heating methods for soldering a 
brazing, for case-hardening, for a 
nealing, for tin-plating (reflowing), 
and for welding (principally smal 
parts). 

I am also referring to the more rf 
cently developed applications of elec 
tronic power in the heating of nom 
conductors or dielectrics. Commercial 
applications include wood gluing, plas 
tics preheating as an aid to faster a 
better modling, drying rayon 
heating rayon cord to balance 
stresses, heating explosive material for 
extrusion, and bonding thermoplasti 
sheet materials. Beyond these 
many potential applications whid 
haven’t yet been developed to the con 
mercial stage. 

In all of these applications, 
tronic power is contributing to 
cheaper product or a more satisfactory 
product than conventional proce 
permit. This results primarily fro 
greater speed and better control. Ow 
war production is deriving real b 
fits from these applications. 

RCA commercial industrial oscill 
tors are available today (to war plant 
only, of course; and to these, only 0 
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RCA AND INDUSTRIAL ELECTRONICS 


comparatively high priority ratings) in 
a limited range of sizes extending all 
the way from 100 watts to 150 kilo- 
watts output. Operating frequencies 
range from approximately 400 kilo- 
cycles to 200 megacycles. 

Electronic power generators must be 
built to industrial standards with fea- 
tures that fit them into industrial plant 
conditions. Designs must contemplate 
conditions such as high operating tem- 
peratures, mobility, excessive hu- 
midity, excessive dirt in atmosphere, 
operation by reatively unskilled per- 
sonnel, and convenience in operation. 
This calls for ingenuity and imagina- 
tion in design as well as an under- 
sanding of customer needs. Solutions 
tothe problems involve a high order of 
mechanical engineering ability as well 
as electronic engineering of the front 
rank. The incorporation of all these 
dements is exemplified by the new 
RCA Model 2-B Electronic Power 
Generator. 

In closing, I shall touch upon appli- 
cations of optical films, whose opera- 
tion is based on light interference phe- 
nomena, and which are used principally 


“Bt make optical lenses and devices 
Bmore efficient. Electronic apparatus is 
" semployed in the application of the film 
. 4 material. 


The best known types of processes, 
are those which create so-called non- 
glare or non-reflecting surfaces. A 


IOI 


multiple element lens so treated trans- 
mits appreciably more light (3-4 per 
cent per treated surface), and pro- 
vides a substantial improvement in 
image contrast. 

RCA has at Indianapolis modern 
facilities for processing lenses for 
manufacturers and assemblers of op- 
tical devices. Hundreds of thousands 
of binoculars and telescopes in war 
service today are proving more useful 
and efficient by virtue of the treatment 
given their lenses at our plant. 

Optical films of a more complex 
type, known as dichroic reflectors, di- 
vide light on a color selective basis 
without any appreciable absorption. 
A plate treated with such a film may 
appear to be yellow until backed up 
by a white card, and then show up as 
blue. These films have application for 
special optical problems and instru- 
ments. 

Besides being a leading processor of 
optical parts, RCA also is a leader in 
the delevolpment of new and advanced 
methods and equipment for creating all 
types of optical films. Wartime appli- 
cations, developments and experiences 
related to optical films will create a de- 
mand for civilian applications to 
camera, microscope, and projection 
lenses, and to spectacles and picture 
glasses, to mention but a few. This 
represents an additional .example of 
how electronics can help to provide 
better products for all of us. 


The Castigliano Theorem and the Requirement 
that Displacements be Linear Functions 
of the Loads 


By H. C. PERKINS 
Assistant Professor of Mechanics of Engineering, Cornell University 


The Castigliano Theorem, which 
expresses displacements as partial 
derivatives of the strain energy, im- 
plies linear relations between loads 
and displacements. Thus S. Timo- 
shenko in his ‘“‘Strength of Materials” 
text* makes it clear that in the case 
of a single load the Castigliano Theo- 
rem does not hold when the displace- 
ment-is not proportional to the load, 
and ends the discussion with a state- 
ment that “analogous results are 
obtained in all cases in which the 
displacements are not proportional to 
the loads.” 

It is an interesting exercise in 
applied mathematics to consider the 
general case of any number of loads 
on an elastic structure and show that 
the Castigliano Theorem is not valid 
unless the displacements are linear 
functions of the loads. 

As a preliminary exercise to illus- 
trate the argument, consider the case 
treated by Professor Timoshenko; 1.e. 
a simply stiff structure with statically 
determinate support, subjected to one 
load of given location and direction 
but variable magnitude H. 

Assuming that: (1) the working 
displacement h of the load H (t.e. the 


*D. Van Nostrand, New York, 1930, Art. 
74, p. 347; or 1940, Art. 72, p. 339. 


component in the direction of H of the 
displacement of thé application point 
of H) is uniquely determined by that 
load; (2) the equations of statics have 
been used to express all reactions and 
internal stresses in terms of H; and 
(3) these expressions have been used 
to formulate the strain energy in terms 
of H and constants; it follows that the 
differential displacement may be ex 
pressed by the formula : 


_ a 
- dH 
and a similar formula-for the differ 
ential strain energy is 
au 
dH 

By definition the strain energy & 
equal to the work done by the load, s0 


dU = Hah. (3) 


dh dH, (1) 


dU = ——dH. Q 


Substituting from equation (1) @ 
equation (3) 
dU=H & dH 


Comparing equations (2) and (4 


and noting that by — Castigliano’s 
Theorem 

dU 

qn = (5) 
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THE CASTIGLIANO THEOREM 


it follows that 


dU adh 
dH ~ an 
and 
adh 
h= HT. (6) 


To show that A is linear in H, 
differentiate equation (6) with respect 


toH. (The right side is a product.) 
dh dh ah 
dH ant Map 
or 
@h 
Hom = 0, (8) 


which can be true for all values of H 
only if 

ah 

dH? bal 0, (9) 
which proves that the working dis- 
placement of a single load must be a 
linear function of the load. Since 
equations (1), (2), (3), (4) are valid 
for relations other than linear, it 
follows that the linear restriction is 
introduced by the Castigliano Theo- 
rem. 
In case there are several loads 
H, --- Q, --~ the argument is a little 
more involved but follows the same 
line as when there is but one load. 
Thus: assuming that the strain energy 
U and the working displacements 
h,--- q, «++ of the loads are uniquely 
determined by those loads, a formula 
for the differential strain energy is 


au 
aQ 


and there are similar formulas for 
differential displacements such as 


aU 
d= aH+---+55d0+-++, (10) 


_ 99 me. ee 
= tt +S0d0+-+. 


ad (11) 
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The differential strain energy in 
terms of work done by the loads is 


dU=Hdh+---+Qdg+---. (12) 


Substituting, in equation (12), the 
expression for dg from equation (11) 
and similar expressions for other dif- 
ferential displacements dh, ---, 


ah ah 
av=n( Fan+-..+Fa0+-.-) 
+--- 

4 ry... 4 Bigos... 
+0(an+ +5940+ ) 
foes, (13) 


Comparing coefficients of dH in equa- 
tions (10) and (13) and noting that 
by the Castigliano Theorem 


0H 


3H = (14) 


it follows that 
oh oq 
h=H +: * +Qat: -*, (15) 


Differentiating equation (15) (Q is 
independent of H, etc.) 


oh oh oh 


an" oH * “amt °° 
ot] 
or : 
ah aq 
Hopp t+: +Qspet +: =0, (17) 
which can be true for all values of 
H, cee Q, soe only if 
oh 0’q 
am = % "** in = 9, (18) 


with similar results for other variables, 
such as Q. 
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also vanish. Thus the strain energy 
may be differentiated with respect to 
both H and Q, the result being inde- 
pendent of the order of differentiation. 


0 (aU 0 (aU 
so( se) ~ax(sg)) 
But by the Castigliano Theorem equa- 
tion (19) may also be written 
+A 
0Q 


Differentiating equation (20) with 


(A) = (20) 


a 
aH (q). 


THE CASTIGLIANO THEOREM 


respect to H 
ah _ og 


dHdQ = aH?’ (21) 


. which vanishes by equation (18). In 


similar manner all other cross deriva- 
tives vanish. 

Since each second derivative of each 
displacement vanishes, it follows that 
the displacements are linear functions 
of the loads, and since equations (10), 
(11), (12) are valid for functions other 
than linear, it follows that the re 
striction that the displacements must 
be linear functions of the loads 
imposed by the Castigliano Theorem, 
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Codperative Education in Colleges and Universities 


By LEO F. SMITH 
Acting Chairman, Educational Research Office, Rochester Institute of Technology 


INTRODUCTION 


The war has brought about many 
changes in codperative programs and 
~& it is probable that when peace again 

returns some of the institutions which 
had such programs will have discon- 
tinued these and other institutions, 
which had previously not been ad- 
herents of this plan, will initiate 
coéperative work as an integral part 
of the student’s education. Because 
of this it is believed that a report on 
the status of coéperative education in 
colleges and universities as of the 
school year 1940-41 will provide an 
interesting basis for the study of 
Biuture programs. This summary is a 
portion of a larger study made to 
determine various features concerning 
codperative work programs in all 
higher educational institutions. The 
entire study was undertaken at the 
invitation of the Commission on 
Blerminal Education of the American 
§ Association of Junior Colleges and the 
General Education Board and has 
already been reported elsewhere.* 


INSTITUTIONS OFFERING COOPER- 
ATIVE PROGRAMS 


A study of Fig. 1 reveals that 39 
colleges and universities have had 


# *Leo F. Smith, “Codperative Work Pro- 
q = in Higher Institutions in the United 
tes: Present Status, Trends and Implica- 
tions,” Unpublished Ph.D. dissertation, Uni- 
versity of Chicago, 1943, pp. 208. ° 


coéperative curriculums at some time 
since the first one was started at the 
University of Cincinnati in 1906. 
Ten of these programs had been dis- 
continued leaving a total of twenty- 
nine, twelve were in publicly -con- 
trolled and seventeen in privately 
controlled institutions. 

There appear to have been three 
phases in the growth of the codper- 
ative plan. The first of these was 
characterized by a steady but slow 
growth which was brought to a halt 
by World War I. Following the war 
there was a rapid increase in the 
number of programs which came to a 
halt about 1930. Few programs were 
organized during the depression, but 


' starting in 1936 there was a period of 


accelerated growth which was halted 
by World War II. 


DEGREES GRANTED IN COOPERATIVE 
CouRSES 


From the beginning of codéperative 
education in this country codéperative 
engineering courses have been most 
popular. Table I reveals a total of 
91 curriculums leading to engineering 
degrees and a total of only 22 curricu- 
lums leading to other types of degrees. 
Of the engineering curriculums, ‘the 
four most popular are mechanical 
(18), electrical (17), chemical (15) and 
civil (15), for a total of 65. All other 
types of engineering programs com- 
bined add up to 26. 
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Figure I 


YEAR OF INTRODUCTION AND ABANDONMENT OF COOPERATIVE WORK PROGRAMS IN 
CoLLEGES, UNIVERSITIES, AND TECHNICAL INSTITUTES AS OF 1940-41 





Year t 
1906 "' "16 ‘20 "24 ‘28 "32 "36 "40 Institution 





— Cincinnati 
— Northeastern 

Pittsburgh 
— Rochesters 
| — Georgia 

— Akron 

— Detroit, University 
— Marquette 
| — Newark? 
| Evansville 
| Harvard 
| — Ohio Mechanics 
| — M.LT. 
— N.Y.U.¢ 
—| Detroit Inst.¢ 
— Antioch 
—_——|—| North Carolina University? 
Lafayette 
| — Fenn 
|— — General Motors Institutes 
| waar Col. Med. Evang. 
oer | — Southern Methodist 
|—— — Louisville 
| — Drexel 
| a — Tennessee 
Lane Theo. Seminary 
— Tulsa 
|-—|——] Toledoé 
| — Lawrence 
| — Minnesota 
|—--|—__|—-_ Wyo missings 
|__| Illinois Institute 
||———_|—-_ Cleveland 
| — Florida 
|——-|—- Alabama 
|——|| Youngstown 
|——|—- Bradley ' 
|—-|—_ Buffalo i 
-— Carnegie § 
|—|-- Omaha : 
|—|— Northwestern 
|—|-—- Eureka 
— North Carolina State 























































































































* Non-degree granting technical institute. 

* Newark discontinued regular codperative program but offers some work experience for 
Honor students. 

¢N.Y.U. discontinued codperative engineering courses sometime during the depressio# 
but still offers codperative retailing courses. 

4 Program discontinued sometime during depression. 

¢ Operates at the college level but does not grant degrees—program is designed to train 
men definitely for the Divisions of the General Motors Corporation. ‘ 
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Lawrence 
Louisville® 
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N. Carolin 
Northeaste 
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TABLE I 


DEGREES GRANTED IN COOPERATIVE COURSES BY COLLEGES AND UNIVERSITIES 
CARRYING ON COOPERATIVE WoRK PROGRAMS 














Engineering Degrees Other Degrees 
te 4 gid “\ 
Institution <|s 2 is a z g _|3 eldiel. 5 e Si< 
S/s\—/e} |_le] (Sla12)] |alalzlélgisle =/l2/2/8lElela 
| 2)-3)5/2)/2l2|_| 2/2] £| =] 5] 3) 81) 3/4| S141 5/4) 4| Slsls| 4s 
5/2 |2 |e] 8] 8| ale] e| | ela iat etalal el $1 8|€| | 41 glalal dle 
gee z18léldlolelala|s|S\elslslzlslzlelalal=lalala| zis 
meront®. ow ess F x x : x ; 
Alabama*....... x x x x x as . 
Antioch......... ; x x 
Bradley’........ x mG 
Buffalo......... ; . ‘ as x|x 
Carnegie*....... ; x Pe ee FC : x x |x : ‘ i 
Cincinnati....... x x x|x|x x x et x x 
Cleveland....... a a : : d é x|x 
Detroit®......... x|x x x x x tt f 
STs S00 x x x x : .|x]x x 
Eureka*......... < x]. x 
MP. ec et : : .|x ‘ : x|x x 
Florida*......... x x x x x ; 
Georgia>........ x]|.]x].|x x x 
TS Sees : x 
Lawrence’. ...... : ; <4 ‘ 
Louisville’... .... x x x x 
Marquette*...... Fe x|.|x x .|x 
5 he x|x x|x x x|x ‘ 
Minnesota....... j ae 
New York U , : ; ; x 
Newark’........ bas i .|x x x ae x 
N. Carolina......| x} x x|x x x x|x]. x . 
Northeastern’... .| . x x x x x x 
Northwestern? ...| . x x x x , s 
Omaha......... : ; : x x 
Southern......... : x x x 
Tennessee’... ... x x x x oS BS gee ae 
oo 2: 8 Sears 

























































































* Bachelor of Engineering degrees are granted in the various areas such as Bach. of Civil 
Eng., Bach. of Chem. Eng., etc. 
+ Bachelor of Science in Engineering degrees are granted in the various areas. 
¢M. I. T. grants both the B.S. and M.S. in Me. and Elec. Engineering to graduates of 
these five-year codperative courses. Courses requiring practice periods prior to graduation 


are also offered in Biol. Eng., City Planning, Biophysics, and Marine Transportation. 


courses lead to the B.S. in the respective fields. 


These 
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LENGTH OF COOPERATIVE CouRSES, YEARS COOPERATIVE WorkK Is GIVEN AND 
Periop OF ALTERNATION AS OF 1940-41 


TABLE II 

















Institution aes. |... ee Reet 
(NE a ee ae ee 5 3-4 and 3 of 5 9 weeks 
WMisbema ss... 5 ees 5 1-2-3-4-5 3 months 
Antioch*................ 5 or 6 2-3-4-5 or 1-2-3-4-5 | 10 weeks 
Bradley................- 5 2-3-4-5 1 semester 
MINER ot ack Us Ween cde 5 1-2-3-4-5 4 months 
Carmegie > is... oo. eee 5 1-2-3 Summer vacations and 
sem. in 3rd and 4th yr, 
Cincinnati............... 5 3rd term Fr. yr. to 2nd} 8 weeks 
half Sr. yr. 
Cleveland............... 5 1-2-3-4-5 6 months 
Re ee ee 5 3-4-5 4 weeks 
OS a era ae ae 5 2-3-4-5 3 months 
| SEBS EE Ce are wee 5 1-2-3-4-5 8 weeks 
EE ie Seer am ti or 5 2-3-4-5 3 months 
NN 5 bia ie cd eo > he 6 1-2-3-4-5-6 1 semester 
General Motors*......... 4 1-2-3-4 8 weeks 
Georgia......5.......... 5 1-2-3-4 and } of 5 3 months 
Dee cs Ss king wie 5 2-3+4-5 8 weeks 
ee 4 1-2-3-4 12 weeks 
ROENIE ois 5 5 dice dccee 4 2-3 3 months 
Marquette 5 3-4-5 4 weeks 
ee. es Bit bees 5 3-4-5 4 months 
Minnesota.............. 4 4 Winter term Sr. yr. 
MII 5, ind sig’, bs, clvoip were 5 5 Afternoons for 1 term 
MES ce. ba bs ase o ele 4 Summer between Summer vacation 
and 3rd or 3rd 
4th yr. 
PECANS. 6. oases ees 5 2-3-4 6 months 
EG ne SaaS ee Baars aie 
Northeastern,........... 5 2-3-4-5 10 weeks 
Northwestern............ 5 2-3-4-5 3 months 
Ohio Mechanics’......... 2 1-2 4 weeks 
EE cane MER ae ance te 5 1-2-3-4 6 months 
Rochester?.............. 3 1-2-3 4 weeks 
Southern Methodist... ... 5 2-3-4-5 6 weeks 
Tennessee............... 5 2-3-4-5 3 months 
SRS TERE Ie imo aes cena re 4 4 8 weeks 
Wyomissing’. ........... 24 1-2 4 weeks 














* If coéperative work is elected during first year, six are required to complete course. 
> For the Mech. Eng. and Elec. Eng. programs. The Biological, Biophysics, Chemical, 
City Planning and Marine Transportation utilize somewhat different plans. 


¢ Retailing codperative course for graduate students. 


4 Non-degree granting technical institute. 
* Operates at the college level but does not grant 


men definitely for the Divisions of the General Motors Corporation. 


degrees—program is designed to trail 























aa 





COOPERATIVE EDUCATION IN COLLEGES AND UNIVERSITIES 399 


LENGTH OF COURSES AND PERIOD OF 
ALTERNATION 


Coéperative courses in colleges and 
universities vary in length from four 
to six years, with the majority five. 
Table II indicates the length of co- 
operative courses in years, the years 
in which this work is offered and the 
period of alternation. From _ this 


table it may be noted that in five 
institutions the program was four 
years in length; in twenty-two it was 
five; in one it was six; and in one it 
was either five or six depending on 
whether a full-time or codperative 
schedule was elected during the first 
year. 

The majority-of the codperative 


TABLE III 


ENROLMENT IN COORERATIVE CouRSES IN COLLEGES AND UNIVERSITIES 
FOR THE SCHOOL YEAR 1925-26 AND 1940-41 

















Coéperative Enrolment 
Institution 

1925-268 1940-41 
BRE AY eee Le ped tea 146 95 
mumawtia 6.0. STRIDE ae a ’ 350 
BROOM iio" hes eds la ese GIMGH 536 
NN. 2°22. ARV 22.7 Schaap 40 
I oes sh xk 65 
a AR Ae degree sin iipie ae She 3 veh 30 
Cincinnati.......... 1,144 1,900 
DR 22. Tha. OR Pp 350 
aio tlt. gute eee 400 732 
RR ey nets Serena eer oe 498 1,400 
Sears hia, Sipe iat Paha sy eS Sa 5 
iB Eagle Eas a ha Pin bik Yr ye 800 
RN SOG A RIV SOP AN OE en, 47 
| ONE Ma Parent Come) eee ciret ot 330 728 
BRS car psa tials Tor atone Pies sek 400 
ENESCO Pre Re oto PERS are 175 
ERM gece se cota Nien PE omelet: 58 325 
NES Sc. 5 Th eds Pe ae 447 613 
MMC eo. ca, Sake Pew oes ee teal Met 274 261 

DN 2 ua ait, 3's ost eR Rats Limited number 

New York University.........:.... 111 Limited number 

NN ens a ee So kg wee 175 Optional for upper 30 per cent of 
Juniors and Seniors 

ee ees SS. OA taty 23 
Northeastern......... 1,032 2,000 
NR a co, sis Seca veut ee 270 
| SES Re reg ees Sea aye matt 12 
Southern Methodist................ 95 117 
NI i) ce ct ons a ong ee Te 250 
sso at bas ck che OE 35 
NE Shoo sae wrod a etna es 4,710 11,559 











* Data from “A Study of the Codperative Method of Engineering Education,” p. 8. 


Bulletin No. 12, SPEE, 1927. 


’ Program in operation but enrolment figures not available for 1925-26. 
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engineering courses require full-time 
college attendance during the fresh- 
man year and the work experiences 
are made available during the second, 
third, fourth and fifth years. There 
are, however, variations of this pat- 
tern as is evidenced in Table II. 

Considerable thought has been given 
to the optimum length of the school 
and work programs and there is still 
considerable difference of opinion con- 
cerning this material. At present the 
period of alternation varies from four 
weeks to six months in the engineering 
curriculums with the quarter or three 
month period being the most popular. 
Eighteen institutions utilize a period 
between six weeks and four months in 
length while eight use the quarter 
plan of either twelve weeks or three 
months duration. 


ENROLLMENT IN COOPERATIVE 
CuRRICULUMS 


On Table III is shown the enroll- 
ment in codperative curriculums for 
those institutions which had these 
programs in both 1925-26 and 1940- 
41. In addition to the 4,710 students 


shown the enrollments in institutions 
which later discontinued their pro- 
grams were as follows: University of 
Pittsburgh (469), University of North 


Carolina (188), Evansville (95), and 


Detroit Institute of Technology (88). 
Antioch College, Fenn College and 
the College of Medical Evangelists 
were the only other institutions of 
higher learning carrying on codper- 
ative work at this time and, although 
no figures ,are available from these 
institutions, it seems probable that 
the number of codéperative students 
enrolled in these three institutions 
combined did not exceed 800. Thus, 
in 1925-26 the total number of co- 
operative students in higher institu. 
tions was approximately 6,350. 

The total number of codéperative 
students reported in 1940-41 is 11,559, 
but this does not include those em 
rolled at Minnesota, New York Unk 
versity and Newark. As the pro 
grams at these institutions are rela 
tively small, it is probable that not 
more than 12,000 students were par: 
ticipating in some type of codperative 
work during the school year 1940-41 





ive @™atical and physical sciences. 


The Coordination of the Work of the Physics, 
Mathematics, and Electrical Engineering Staffs in the 
Formulation of Communications and Electronics 
Curricula, Including Ultrahigh-Frequency 
Techniques* 


By E. A. GUILLEMIN 
Massachusetts Institute of Technology 


Adequate electrical communications 
curricula always have been more deeply 
concerned with theoretical analysis than 
have those of other branches of elec- 
trical engineering, since the under- 
standing of electronic phenomena and 
mtwork behavior so essential to the 
development of the communications 
; Bpcture requires a closer and a more 
Bttorough acquaintance with the mathe- 
Post- 
@¥ar curricula in electrical communica- 
‘Biions and in the many kindred fields in 
Bihich its techniques find fruitful ap- 
“Bilcation must be even more thorough 
ad strong in an underlying theoretical 
‘Bontinuity in order to be consistent 
‘Buith the marked rise in level of attain- 
“Brent reached through the present con- 
;Heatration of research effort. This 
‘Bred for increased strength in certain 
Prnches of mathematics and physics 

already making itself felt in the 
gular and specialized programs which 

currently carried on for the train- 
of personnel needed in the services 
din the research laboratories. The 
*Presented at the 52nd annual meeting, 


PE.E. (Electrical Engineering-Physics), 
tinnati, Ohio, June 22-25, 1944. 


need in most cases is being met only 
partially, and in ways which are tem- 
porary expedients rather than adequate 
solutions. It is necessary, therefore, 
that we take a longer-range view of 
this situation with the object of arriv- 
ing at a clearer picture of how an ade- 
quate plan may be fitted into the exist- 
ing educational picture with a minimum 
of painful alterations. 

Lest, by the last remark, the other- 
wise apprehensive conservatist be lulled 
into a feeling that nothing painful is 
being contemplated, I hasten to remind 
you that no progress or growth en- 
gendered by urgent need and motivated 
by those of us who are more readily 
stimulated by the thoughts of embark- 
ing upon uncharted ground, is wholly 
unaccompanied by pain of some sort. . 
At least we must expect that the en- 
tire existing curriculum, not merely 
certain parts of it, will in some meas- 
ure feel the effects of the necessary al- 
terations. To be well done the job 
must be thorough, and one must not 
let the possibility of much added work 
deter one from making a decision which 
has only the best interests of the larger 
plan at heart. 
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The subjects essential to the curricu- 
lum visualized here are mathematics, 
physics, and electrical engineering prin- 
ciples. To do the job well it is vital 


that the staffs of the three departments - 


involved codperate closely. Failure to 
do so will spell failure in this as well 
as in all other plans for the participa- 
tion of the colleges in the altered post- 
war picture. 

Beyond the usual differential and in- 
tegral calculus, and some differential 
equations, the desirable mathematical 
requirements are: 


(a) Theory of functions of a com- 
plex variable. 

(b) Potential theory and boundary- 
value problems (including some 
discussion of cylinder functions 
and spherical harmonics). 

(c) Vector analysis (including a 
discussion of the wave equation). 

(d) Fourier series and integrals. 

(e) Advanced algebra. 


The physics of the first two years 
should comprise the usual mechanics, 
heat, electricity, and optics, including a 
derivation of the field equations of 
Maxwell, a discussion of boundary con- 
ditions, and a pretty thorough consid- 
eration of the essential processes of an- 
alysis used in dealing with physical 
and geometrical optics. The additional 
work in physics should include: 


(a) Theromodynamics, _ statistical 
mechanics, and kinetic theory. 

(b) Electronics. 

(c) Acoustics (including the dy- 
namics of vibrating systems). 


The electrical engineering principles 
which are particularly pertinent are: 


(a) Basic circuit theory. 
(b) Fourier analysis and its use in 
characterizing transient in terms 


COMMUNICATIONS AND ELECTRONICS CURRICULA 












of sinusoidal steady-state be 











havior. 
(c) An introduction to network sys eh 
thesis. 1 Byt 
(d) Vacuum tube circuit theory (i a = re 
cluding multivibrator and swee§, laine 
circuits, UHF generators ag Gave 
systems). i " 
(e) Transmission lines, wave guides, al 
and antennas. tiall a 
(f) Associated laboratory work. of =. = 
From this enumeration of essential other, ; 





it appears that an adequate curriculum§ measure 
specializing in the field of communice§ jg conc 
tions and electronics (including UHF) through 
requires more time than is available-§ ditional 
unless revisions are made all along th one in p 
line and down the line, perhaps evaj The I 
to the high school or precollege levéll fining b. 
So far as the mathematics is concerti] tailed in 
it is essential that geometry, trigonom} ation of 
etry, and some analytical geometry Bf glongsid 
entrances requirements so that the cok rieyium 
lege work can get started immediate | 
with differential calculus. Such hs 
been the situation at M.I.T. for yea 
and there is no sound reason why othe 
technical colleges who wish to 
abreast of the fimes cannot do i 
same. 

If a youngster wants to get into eng: 
neering work he should anticipate tif gate to a 
fact when planning his high schol part abo 
program. This the colleges have @ refers pri 
right to expect. If the entrance 1 for the p 
quirements are not met, the studeli§ toes are . 
either spends a summer meeting the tyen if it 
or he doesn’t enter. The only WA body’s chi 
thaf the technical colleges can ult which, in 
mately keep abreast of things with #items, ma: 
fixed four-year curriculum is to p priority : 
some of the earlier work down i merely so; 
the secondary school  curriculiil} a) machi; 
These schools will have to absof a large po 
some of the burden and it is perfect included ; 
sensible that they should. Thev Mf equations, 
in some instances have to vivify the} extensively 
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teaching staff to do this and perhaps 
even pay some decent salaries in order 
to attract the necessary talent. 

By this expedient alone, however, 
the accomplishment of the task outlined 
‘above is only begun. In order to 
achieve the desired end two additional 
steps of major importance must be 
taken. One of these consists essen- 
tially of a revamping or streamlining 
of the entire teaching program and the 


ias§ other, which is dependent in large 


measure upon the success of the first, 
is concerned with the establishment 
throughout the junior year of an ad- 
ditional full course in mathematics and 
one in physics. 

The process referred to as stream- 
lining begins with a complete and de- 
tailed inventory and a critical examin- 
ation of the items thus brought to light 
alongside of those which the new cur- 
ticulum proposes as essential material, 
with the object of giving each item in 
the combined list a priority rating 
based solely upon the worth of that 
item in furthering the desired program. 


4§ I can think of a number of items now 


mE enjoying a prominent position on the 
| agenda which this process (if honestly 


and fearlessly carried out) will rele- 
gate to a rather obscure level. (The 
part, about honesty and fearlessness 
tefers primarly to doing what is best 


"| for the program regardless of whose 


toes are stepped upon in the process, 
tven if it be those belonging to some- 
body’s chief.) In the way of material 
Which, in competition with the “must” 


fT items, may be likely to receive a lower 
priority rating I have in mind not 


merely some obsolete pieces of electri- 


uy cal machinery but even such things as 


alarge portion of the material usually 


J included in a course on_ differential 
“4 uations. The portion which is really 


extensively used in the subsequent de- 
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pendent work is actually a small frac- 
tion of the total. This small portion 
is concerned with the subject of linear 
differential equations with constant co- 
efficients. The rest is all good material 
too, but that is not the point. Vector 
analysis, for example, is also good ma- 
terial and in addition it is really needed 
and used later on in the curriculum. 

I do not propose that material re- 
ceiving a lower priority rating should 
necessarily be dropped entirely, but I 
do propose that the time spent discuss- 
ing such material may be appreciably 
cut. To use the subject of differential 
equations as an example again, it is 
conceivable that the portion concerned 
with linear equations with constant co- 
efficients could adequately be dealt with 
in about four or five lectures. Two 
additional lectures could then be spent 
presenting a number of additional types 
of equations that might be encountered, 
pointing out the kinds of physical prob- 
lems in which they arise and providing 
the students with references which 
discuss methods of solution. In this 
way the student becomes acquainted 
with the commoner types of differen- 
tial equations, how and where they 
arise, how to recognize the type, and 
where to find a method of solution. 
All of the low-priority material that 
nevertheless has salvage value may be 
dealt with in this manner. 

A careful selection of detailed items 
must, of course, also be made in con- ' 
nection with the various topics enume- 
rated above. For example, in con- 
nection with the theory of functions 
of a complex variable the emphasis 
should be placed upon such things as 
conformal mapping, Cauchy’s integral 
formula, series expansion, and complex 
integration. Numerous collateral items 
which form the setting for these major 
ones can be dealt with somewhat after - 
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the fashion of the low-priority pro- 
cedure. This method actually gives 
the student a better over-all picture of 
the subject than one which weights all 
items alike. 

The process of streamlining should 


not be confused with a kind of super- . 


ficial treatment sometimes found in 
engineering textbooks in which, alleg- 
edly for lack of space, the presentation 
is often inaccurate, incomplete, and 
misleading. Brevity does not need to 
be accompanied by any of these faults. 
A skillfully executed summary can 
have depth as well as breadth. It 
takes no more words to make an ac- 
curate statement than it does to make 
one whose meaning is obscure or mis- 
leading. Completeness likewise, by no 
means necessitates longwindedness. 

The mathematics department must, 
of course, be encouraged to emphasize 
the physical or geometrical aspects of 
the various subjects discussed. To the 
engineer, mathematics is merely a tool, 
the properties of which are best under- 
stood when the appropriate physical or 
geometrical environment is simultane- 
ously considered. Vector analysis, for 
example, is a tool for describing the 
properties of physical fields. The per- 
tinent operators have simple and easily 
visualized physical interpretations 
which the presentation should place in 
the foreground. The finer points in- 
volved in rigorous proofs then have a 
chance to be understood. Otherwise 
the whole performance becomes a waste 
of time. 

Another way of getting the mathe- 
matics into the curriculum is to have 
the physics or electrical engineering 
staff teach it along with the applica- 
tions. This method I do not favor, 


primarily because it seriously jnter- 
rupts the continuity of the discussion 
‘pertaining to the physical problem in 


which the mathematical tool is to be 
used. In order to keep this interrup- 
tion as short as possible the mathe- 
matical item is usually presented as an 


isolated fragment. Mathematics taught 


in this way leaves the student with a 
collection of apparently unrelated parts 
which he cannot assemble into a uni- 
fied subject. Moreover, the parts are 
apt to be misinterpreted since the 
physics or engineering instructor only 
in rare instances is sufficiently informed 
or interested in the purely mathema- 
tical side of the picture to be able to 
give a brief, yet accurate and complete 
presentation: The sort of slipshod, 
fragmentary presentations of mathema- 
tical principles frequently indulged in 
by physics and engineering instructors 
does an amount of damage that is ap- 
preciated only by the student himself 
in later years. It is much better to 
leave the major presentation of mathe- 
matical principles to one who special 
izes in this field. 

Considering the program at large, it 
is false to assume that any conservation 
of time results from mixing mathe- 
matics, physics, and engineering into 
an inhomogeneous mass and adminis 
tering the conglomerate dose in a single 
operation. Proponents of this method 
claim that the engineering student 
understands mathematics only when it 
is properly mixed with a sauce made 
from parts of the physical problem, if 
which it is to be used, while mathe 
matics in its pure state has a formality 
about it that precludes the receptive 
attitude essential to understanding. 
This argument, however, brings us 
back to the question of how mathe 
matics should be taught. 

Mathematics in its pure state is 4 
thing which even the great minds who 
invented it arrived at only after many 
successive stages of distillation and re 
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fnement. It is a thing which can be 
appreciated only in retrospect, as any 
honest mathematician is himself ready 
to admit. Mathematics ~ textbooks 
which are written in a highly formal 
manner are written by individuals who 
have no real desire to be helpful to 
mankind. Such books are merely a 
documentation of achievement—a snob- 
bish exhibition of skill. This sort of 
attitude has no place in the classroom. 
The teaching of mathematics should 
begin with a discussion of the physical 
or geometrical problem in which the 
pertinent relations have their origin 
and whereby the successful manipula- 
tive operations are suggested. The 
broad problem, outlined in crude form, 
may then be put through ‘successive 
stages of refinement until it is ulti- 
mately reduced to its abstract essen- 
tials. Thus rigor and completeness 
may be achieved without loss of clarity 
orinterest. The procedure, moreover, 
is distinctly different from that which 
characterizes the mixture of engineer- 
ing, physics, and mathematics referred 
to above. 

With regard to the participation of 
the physics staff inthe contemplated 
program, it is again essential to note 
that this group has clearly defined’ re- 
sponsibilities which should not be as- 
sumed by the staffs of either the elec- 
trical or the mathematics departments. 
Electronics, including theories of emis- 
sion, ionization, gaseous conduction, 
dectron ballistics, photoelectricity, etc., 
is more appropriately taken care of by 
the physics staff, for these are matters 
that pertain more specifically to theo- 
retical physics. Practical applications 
can and should be discussed in engi- 
neering subjects (either concurrently 
or later), but the theoretical found- 
ation should be laid by the physics 
teacher just as the basic mathematics 
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should be taught first by the mathe- 
matics teacher. 

Of the various proposals made here, 
the one which undoubtedly will involve 
the greatest conflict of opinions is 
that having to do with the rating of all 
items on the educational agenda, the 
relegating of some to rather obscure 
levels, and the complete exclusion of 
others. The most difficult part of the 
program from the standpoint of its ex- 
ecution is probably that of salvaging 
material having a moderate priority 
rating. In some instances this problem 
may take the form of a complete re- 
modeling job. An example might be 
furnished by the subject of electrical 
machinery. From the standpoint of the 
program envisioned here, the existing 
methods of dealing with the subject of 
electrical machinery are hoplessly out 
of step with what is needed. 

The communications and electronics 
engineer needs to know what the ex- 
ternal characteristics of many differ- 
ent types of a-c and d-c machines are 
and why these make the specific types 
adaptable for certain services. He 
should know how to select machines to 
meet the needs of a given power-sup- 
ply system. Various methods of ob- 
taining dc and ac and vice versa, 
should be discussed; the frequency 
should not be confined to 60 cps nor 
should the d-c voltage be exclusively 
110 or 220 volts. His knowledge of 
why a machine has certain characteris- 
tics may be confined to the barest es- 
There certainly is no need 
for lengthy considerations of the vari- 
ous detailed methods for calculating 
the effect of armature reaction, etc. 
Consideration of d-c and a-c rotating 
machinery and transformers could thus 
be handled in a single one-term sub- 
ject plus an appropriate laboratory. 
In contrast to the situation commonly 
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prevailing at present, the result would 
be both interesting and useful to the 
student. 

Difficulties likely to be encountered 
in putting into effect a proposal of this 
sort should be expected in dealing with 
the staff, not with the students. A 
typical example will be the chap who 
has been teaching electrical machinery 
according to a set pattern for the past 
forty years. It will be a little difficult 
to convince him that Blondel’s double 
reaction method must give way, for 
example, to a discussion of how to 
select and assemble the components of 
a portable rotating machinery set to 
supply 250 watts of de at 1,000 volts 
and 500 watts of 60 cycle ac from a 
six-volt storage-battery supply. 

It is very likely that reactionary 
opinion will attempt to discredit the 
proposed program with the claim that 
" it leads to overspecialization and aban- 
dons the traditionally sound policy of 
a broad basic engineering education. 
This criticism will particularly be 
forthcoming from those individuals 
who find their pet subjects partly or 
wholly scrapped. Even if in the new 
program it is necessary to curtail engi- 
neering drawing from two terms to 
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one, or to eliminate steam engines and 
boilers, such criticism is unjustified, 
For material of this sort is no more 
broad and basic than the strong con- 


_tinuity of mathematics and physics 


subjects advocated here. In fact the 
fundamental theoretical basis for engi- 
neering has a better right to be re 
garded as basic than a lot of detailed 
engineering practice, some of which is 
fast becoming obsolete. 

Reactionary opinion is and always 
has been an unwillingness to recognize 
the fact that the passage of time brings 
about obsolescence in the best laid 
plans. In many cases such unwilling 
ness is due to mental fatigue resulting 
in a desire to avoid competitive em 
counters on new fields and with new 
techniques. College faculties trad 
tionally have been amply endowed with 
such individuals, and it is to be ex 
pected that their bulk will again be in 
evidence when, after this war, progres 
sive attempts are made to adapt the 
educational structure to the needs of 
the times. The colleges may allow 
themselves to be dominated by this im 
fluence, or they may conquer it and 
become leaders in the field. Theirs is 
the choice to make. 
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Teaching of Mathematics in the United States 
7 and in Germany 


By A. KORN 
523 River St., Hoboken, N. J. 


This is a very fortunate opportunity 
for describing the different ways of 
teaching mathematics in the United 
States and in Europe. I was able to 
acept the kind invitation to speak 
about the different methods because I 
have taught about 40 years in Germany 
and 5 years in the United States. Such 
acomparison must necessarily lead to 
acertain criticism, and_I shall have to 
apologize for my frankness in this re- 
spect. It may seem pretentious on my 
part to criticize some of the methods 
ued in the United States because I 
am not yet a citizen—I hope to be a 
citizen in the course of this year—but 
there are two good reasons why I 
think I can express these critical re- 
marks. First, education in the United 
States has so many advantages over 
the education in Germany that even 
some critical remarks about some of 
the methods in scientific education will 
tasily be pardoned; and second: It is 
the duty of each educator, if he sees 
the possibilities of improving educa- 
tion, to. raise his voice for the accom- 
plishment of these improvements. The 
United States will play a preponderant 
tole in the reéducation of the misled 
people in Europe, education here to 
serve as a model; and it is also im- 
portant, for the security of the United 
States, to have the best possible scien- 
tific education as well as education in 


general. A first class mathematical 
training is nowadays necessary for all 
the applications in the interest of the 
defense of the country; for the Army, 
the Navy, and the Air-Force; and for 
the well-being of the nation as a whole. 
We are passing through a time of war, 
and therefore I mention first the needs 
of the armed services. Even when 
peace comes, we shall not be sure 
that this will be the last war. The 
United States will always have to look 
out for the best means of defense, for 
the best armaments, for the best com- 
munications and for the best technical 
methods in all the different branches 
of production for the well being of the 
nation. More than ever before mathe- 
matical knowledge is necessary for 
much wider circles than in the past. 
If one first compares in a very gen- 
eral sense education in the United 
States and in Germany, every teacher 
coming from Germany to the United 
States is struck by the higher political 
and moral education of the average 
young American. This is largely due 
to the democratic institutions, to the 
ways in which history is taught, and 
to the choice of reading in the schools. 
In Germany, even during the republi- 
can period after the end of the first 
world war and until the rise of the 
Hitler gang, there remained always a 
trace of the old autocratic and mili- 
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taristic education in the spirit of many 
school teachers, in the textbooks, and 
in the methods of teaching history. So 
the boys between 15 and 20 did not 


have the same political and moral edu- _ 


cation in Germany as the boys in the 
United States. Intentionally I omit 
here the influence of the religious teach- 
ers working in all the countries alike 
for the improvement of moral educa- 
tion. 

This very great advantage is not 
found, however, if one compares scien- 
tific education in the United States and 
in Germany, and I will now confine my 
comparison to the field of education in 
mathematics and physics, including 
chemistry, and to the field of their 
technical applications. In Germany 
the student normally come to the Uni- 
versity or Institute of Technology one 
year later than the young American 
leave high school to go to a college or 
university. At least this was the case 
until a few years before this war when 
the last year of the “gymnasium” (cor- 
responding roughly to the high schools 
here) was cut off, a measure taken ap- 
parently in preparation for this war in 
order that the better instructed young 
men might be ready for military train- 
ing. So if we discount this recent 
measure, the young German student 
had an advantage in comparison with 
the young American student, especially 
in all the sciences where a mathema- 
tical background is of importance. 
High school boys in Germany could 
decide a few years before leaving high 
school whether they preferred human- 
istic studies or sciences where a better 
mathematical background is needed. 
I may say that those who chose a hu- 
manistic instruction were at a not 
much higher level than the average 
American boy leaving high school, but 
those who chose scientific instruction 
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with more mathematical background§ . 
came out much better prepared for thig thority 
technical century. They had in theigg ™r- 
last year studied calculus and sphericag™ 8°" 
trigonometry, and their knowledge off 4 hes 
arithmetic, geometry, and plane trigo somethi 
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mathematical knowledge of the aver ely 7 
age American boy leaving high school, Agait 
One may remark that this deficiency &™Pt 
in mathematics could be compensateig #Uctio 
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the average American boy comes ag Air 
year earlier to college. given Ie 
Unfortunately the usual schedulesd quite a 
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beginning wholly unprepared for th fundame 
study of physics and engineering prob would I 
lems, and the textbooks and lectures ig “#2 on 
general physics must allow for f mechani 
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thority of the textbook and the lec- 
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thei turer. The authors of these textbooks 
1ericallf if general physics had no other choice, 
ige of and here we have really to improve 





something. This state of things must 
be changed after the war, unfortu- 
nately it is too late for this war. 

Again I must apoligize for my pre- 
sumption in criticizing customary in- 
struction-measures, but I feel it is my 
duty to direct the attention of the 
authorities to this drawback which has 
damaged the preparation of officers— 
especially the officers of the Navy and 
the Air-Force. I am proud to have 
given lectures in general physics to 
quite a number of the Navy boys on 
their way to become officers; mostly 
they had only the background in mathe- 
matics of the average boy leaving high 
school, so they had no knowledge of 
calculus, and even their knowledge of 
arithmetic and trigonometry was rather 
poor. I was in the same dilemna in 
which are most of the lecturers in gen- 
eral physics and authors of textbooks. 
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" m If in the last year of high school 
: they these students had learned at least the 
- th undamental notions of calculus, it 
nrc would have been possible—to begin 
ecgm With one of the simplest notions in 





mechanics—to explain what is velocity 
and what is acceleration. Of course 
‘um they were able to understand “mean 
velocity” in a certain time-interval 
(they knew how to consult speedom- 
@ cters in motor-cars) ; but the notion of 
true velocity, for instance of a freely 
jf falling body, could not be clearly ex- 
oni plained, and so the notion of accelera- 
jg ton and all the other important no- 
tions having to do with acceleration re- 
mained obscure. Other difficulties 
arose when the rotational inertia of a 
tigid body was considered and some 
formulas were given which the stu- 
#dents had to memorize. I have always 
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chosen the open way, telling the stu- 
dents: “You cannot understand these 
formulas without a knowledge of cal- 
culus.” I have rejected the method of 
“soi-disant” proofs avoiding the no- 
tions of derivative and integral; but I 
had anyhow the feeling of regret that 
the students could not understand the 
full meaning of these important things, 
important not only scientifically but 
technically. How much easier and 
more effective this instruction would be 
with students having a little more 
mathematical background ! 

The expression “rate of change,” 
which has to replace in some general 
laws the notion of derivative, remained 
obscure to most of the students ; when 
in the discussion of electromagnetic 
phenomena the induction-laws were 
treated and the laws for alternating 
currents with their applications in 
radio, again one had to say: “you 
must learn all the formulas by heart; 
to understand their connection you 
must know a little more mathematics.” 
Of course it is possible to give a cer- 
tain superficial’ instruction in physics 
in this way, but how much more effec- 
tive would be the knowledge, if the 
students got a real deep understand- 
ing of the different phenomena; how 
much more easily they would grasp all 
the important applications—they would 
serve the country far better. Is not 
that reason enough to change the pres- 
ent obsolete schedule of the last year 
in high school ? 

The Germans had formerly the ad- 
vantage of better preparing their boys 
in mathematics in their gymnasium; 
their recent measure of cutting off the 
last year of the gymnasium has de- 
prived them of this advantage. Also 
in Germany in former times the in- 
struction in general physics had for the 
most part the same drawback as here. 
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As the lectures in general physics were 
given also for those who wished to be- 
come physicians and for those who 
were occupied with pharmaceutical 


studies, the lecturers again avoided - 


subjects which can be understood only 
with some knowledge of calculus, 
knowing that many of the future physi- 
cians had chosen the humanistic 
schedule in the gymnasium. But any- 
how those who had more mathematical 
background derived immensely greater 
profit from these lectures in general 
physics than the other students, and 
the real advantage the German stu- 
dent had, when he was well prepared 
in mathematics by his gymnasium 
teachers, cannot be overestimated. I 
recommend to the serious attention of 
the authorities my conclusion that 
after the war the schedule of the high 
schools in the last year must be revised 
in favor of more thorough mathema- 
tical instruction. 

If the teachers of mathematics and 
physics in high schools have to teach 
at least the foundations of higher mathe- 
matics, their level will: also be raised. 
There is no doubt that the routine of 
mathematical teaching without paying 
any attention to higher mathematics 
leads to a stagnation of the interest 
which the teachers at the high schools 
may have for modern progress in 
mathematics and physics. There are 
of course excellent exceptions, but 
everybody will agree with me if I say 
that with the teaching of higher mathe- 
matics the contributions of the high 
school teachers to scientific progress 
will increase. 

After having discussed this very 
serious matter, in which I think it’ is 
my duty to include some criticism of 
the American system of teaching, I 
come now to another subject showing 
a great advantage of the American way 


of teaching mathematics at the colleges, 
In most of the lectures in mathematics 
in Germany the professor has no con- 
tact whatever with his students. He 
gives his lecture, mostly well prepared, 
having his manuscript on his desk 
without being interrupted by any stu 
dent’s question, and on rare occasions 
meeting with some approval for a 
funny remark. The students. show 
their approval by stamping their feet, 
the same stamping which greets the 
professor when he begins his lecture 
At the big universities there are some 
times many hundreds of students at 
tending a lecture. So the professor 
does not know his pupils in general, 
since there is only a small number of 
students who also attend the so-called 
seminars—lectures in which the pro 
fessor treats some special problems in 
the American way. Here the student 
can discuss some questions with the 
professor, and the professor assigns 
at each lecture some problems, the solt- 
tions of which the student has to hand 
in at the next lecture. There is only 
a very small number of students at 
tending these seminars, and only her 
has the professor any opportunity 
knowing some of the students per 
sonally and of judging their progress 
Something similar can be said about 
the lectures in general physics and 
chemistry. Again there are at the big 
uhiversities and institutes of technol 
ogy many hundreds of students attend 
ing these lectures, which are also ob 
ligatory for physicians as well as for 
future teachers of mathematics an( 
physics. The professor is very prow 
to have especially large numbers @ 
students, and his salary was formerly 
increased according to the number 

students, so that the lectures of general 
physics and chemistry brought ve 
high incomes. But the professor di@ 
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not know his students ; only in the lab- 
oratories did he have an opportunity 
of knowing some of them., It is true 
at the big Universities and Institutes 
of Technology he passed through the 
laboratories like a king, asking only 
superficial questions, such as whether 
they liked their work, whether they 
found it difficult and so on, leaving the 
routine work to his assistants. Only 
a few predilected students had the 
ptivilege of discussing with the pro- 
fessor their work, when they worked 
on a thesis or on a special research 
subject. 

So the difference in the American 
and German ways can easily be seen. 
The way of teaching in the United 
States is much better for the average 
student. Here the professor has an 
interest in each of his pupils; when the 
student is weak, the professor will 
try to help him, finding out where the 
trouble is. He cannot teach more than 
perhaps 30 students; otherwise he 
could not make contact with each of 
them. It may be that the care for the 
best students cannot be so great as in 
the German way, where only the best 
students enjoy the special interest of 
the professor and are encouraged in 
special performances. It is true that 
Germany by these methods has dis- 
covered her great scientists, since the 
average students were neglected, and 
only the best were selected for special 
aid and encouragement. Perhaps we 
can find a golden mean. between the 
two methods, each of which has its ad- 
vantages. It has often been recom- 
mended as a solution that the first 
scientists be permitted to dedicate 
themselves exclusively to research 


Work, with perhaps some elective lec- 
tures for advanced students, among 
whom the later aces may be found, 
and that the routine lecture initiating 


the student be held by assistants. This 
method has been rejected in Germany, 
and with good reason. The initiating _ 
lectures, e.g. in physics and chemis-. 
try, are often decisive in the career of 
the young man. I may confess myself 
that lectures by the great physicist 
Warburg which I heard in my fresh- 
man year dealing, for instance with 
Maxwell’s ideas about the electro- 
magnetic field, have had very great in- 
fluence on my later work. It is im- 
portant whether a first class man il- 
luminates these initiating lectures by 
the sparks of his genius or whether a 
second class man makes a routine out 
of this job. So it will always be good 
to give to the first scientists the op- 
portunity of teaching also the average 
student and to raise the level in this 
way, eventually in the way, as it is 
done in Germany, in lectures which a 
great number of students may attend. 
Besides this there will be initiating lec- 
tures given by assistants in the way 
of so-called recitation-lectures for small 
groups of students, in which the in- 
structor takes also special interest in 
the weaker students, in order to raise 
the average-level. Great scientists will 
not be very much disturbed in their 
research work by such lectures, and as 
the care for the weaker students will 
be left to the assistants, they can turn 
their interest to the most promising 
students. 

Raising the average-level is some- 
times called the democratic method, 
and the preference given to the more 
intelligent student an _ aristocratic 
method ; I think it is not right to use 
these words in scientific education in 
the sense that in a democratic nation 
the raising of the average-level is more 
important than the special encourage- 
ment of the more intelligent. One is 
as important as the other." I may even 
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say that the emphasis upon the so- 
called aristocratic method may be 
greater in scientific education than in 
political and moral education. Every 
student has the same right to educa- 
tion, but when by and by the more in- 
telligent excel—good care must be 
given of course also to their moral 
qualities—there is no antagonism 
against the ideals of the United States 
in giving to these superior students 
more attention and encouragement. 
They will work for the benefit of the 
whole; they will be the pioneers of 
progress for later generations. So 
after my first recommendation about 
the mathematical schedule in high 
schools, my second serious recom- 
mendation is the care for the superior 
students. It has been a blessing for 
education in the United States that so 
many rich people have given money for 
scholarships to enable poorer students 
to attend colleges. Likewise such gifts 
are useful in enabling advanced stu- 
dents to do more research work. In 
physics, chemistry, and especially. in 
electrotechnics the German universi- 
ties and institutes of technology were 
well equipped for research work by 
advanced students. Here in the United 
States, although much money is spent, 
especially in these times of war, for 
the solution of special problems by 
professors who have proved their abili- 
ties by their former work, in most of 
the colleges the equipment for research 
work of advanced students is poor. 
The advisers of rich people who wish 
to spend money for the benefit of the 
nation, ought to direct the attention of 
these rich men to this opportunity of 
procuring the necessary equipment to 
enable seniors and graduate students 
to do useful research work. 

I come now to some more special 
questions about the different subjects, 


especially in mathematics and physics, 
which were taught formerly in different 
ways in Germany and the United 
States. The general trend is now in 


‘the direction of equalizing the differ- 


ent methods; one nation learns from 
the other, and one tries to choose the 
best. Formerly there was more need 
in America for the solution of rela- 
tively easy engineering problems. 
Pure mathematics was treated only so 
far as its utilization for later practical 
applications was seen, whereas in Ger- 
many, France, and England there was 
a fair number of great mathematicians 
who treated mathematics without any 
aim of applications; mathematics be 
came an art admired for the beauty of 
its methods, and the thought of prac- 
tical applications even spoiled its glory 
for many scholars. Things have utterly 
changed in this century. The old 
Europe with its preparation for war 
has shifted more and more from 
pure mathematics to applied mathe- 
matics; there are only a few mathe- 
maticians who despise applications, oc- 
cupied, e.g., with the theory of several 
complex variables. But the greatest 
progress has been made in the endeavor 
to solve problems in hydrodynamics 
and aerodynamics to serve the con- 
struction of planes and airships, and 
in the field of electrotechnics. Even 
the field of integral equations which 
was first classed as a field of pure 
mathematics has been treated more and 
more in a way to serve applied in- 
vestigations. With American mathe- 
maticians the trend has been just the 
contrary. American mathematicians 
have seemed to enjoy to a much higher 
degree than in the past century the 
beauty of purely mathematical meth- 
ods; and applied mathematics, espe 
cially hydrodynamics, aerodynamics, 
theory of elasticity, and theory of wave- 
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motion, are treated mostly by scien- 
tists coming from Europe—from Rus- 
sia, Hungary, Austria, Germany, 
France, and Belgium. It is very prob- 
able that this trend has resulted from 
the relative security which the United 
States enjoys, thanks to its favorable 
geographic situation ; only recently, be- 
cause of the development of aviation, 
the danger has appeared also at the 
doors of the United States, and in con- 
sequence the necessity to give the pref- 
erence to problems of applied mathe- 
matics has been recognized. Already 
some time before the outbreak of the 
war an important organization of 
courses in applied mechanics was 
started by Dean Richardson of Brown 
University in Providence, R. I., and 
this was the signal for the majority of 
American colleges to turn the subjects 
of mathematical teaching toward ap- 
plied problems. No doubt there is 
good reason for such a development ; 
it is trivial to say that this war is a 
war of technicians, but we must not 
forget that the progress of technical 
inventions and industry comes from 
sdlutions of mathematical problems. 
Therefore we mathematicians have to 
dedicate all our efforts and all our time 
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to the progress in mathematical meth- 
ods serving the improvement of the 
means of defense of this country and 
the victory of the Allies, to research 
and teaching in this direction.: Just 
as art must suffer when the artist must 
become a soldier on account of the 
grim necessity of war, so the artistic 
beauty of pure science practiced with- 
out the aim of applications must be 
postponed. The Germans have been 
doing this for some time, when they 
were preparing for this war, and the 
Allied countries cannot but choose a 
similar program. So I come to my 
third and final conclusion. As long as 
this war lasts and for as long as the 
security of the United States demands 
it, teaching of mathematics must have 
its principal aim to educate our stu- 
dents in the methods which can serve 
the defense of the country and the vic- 
tory of the Allies; mathematical meth- 
ods serving in physics and chemistry, 
applied to the production and the use 
of weapons, and to the maintenance 
and improvement of communications 
and supplies: in two words APPLIED 
MATHEMATICS, They will help to win 
this war, and they will be useful also 
thereafter. 
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Adaptation of the Codperative Method 
to the Railroads* 


By H. J. HOGLUND 
Assistant to the Executive Vice President, Chicago, Burlington, & Quincy R. R. Company 


INTRODUCTION 


It seems to me I should first tell you 
how I became interested in this plan of 
codperative education. At a confer- 
ence not long ago between President 
Budd of our railroad and President 
Emeritus Scott of Northwestern Uni- 
versity, mention was made of the ex- 
istence of such plan on another rail- 
road. I was delegated to develop the 
plan and, after ascertaining these facts, 
it became my duty to communicate 
with Dean Seulberger of Northwestern 
University and my pleasure to assure 
him of our desire to avail ourselves of 
the proposed plan. 


CASUALTIES OF EMPLOYMENT OPpPor- 
TUNITIES ON RAILROADS 


With the advent of new forms of 
transportation, very largely subsidized 
in one way or another, came the end 
of railroad expansion. It is generally 
conceded that in the light of the vari- 
ous forms of transportation available 
today there are many miles of railroad 
that would not have been built if the 


- pioneer builders could have foreseen 


subsequent events. In its wake fol- 
lowed the vicissitudes of the depres- 
sion. All of this contributed to a de- 
crease in the number of college trained 


* Presented at the 52nd Annual Meeting 
of S.P.E.E., Cincinnati, June 22-25, 1944. 


men needed on the railroads. During 
this period, of course, the employment 
opportunities were greater in other in- 
dustries, but in so far as the railroads 
are concerned there should be more 
employment opportunities on the rail- 
roads in the future. These opportuni- 
ties will not be in new line construc- 
tion, but on the other hand, will be in 
the improvement of the present pro- 
ductive lines of railroad through re 
duction of curvature and grades and 
building better cars and motive power, 

The American Railway Engineering 
Association has recognized the future 
need of college trained men and has 
for several years had a sub-committee 
on codperative relations under the able 
leadership of E. T. Howson. This 
committee has developed a great deal of 
information on the subject, and I judge 
from some of the reports received from 
the various colleges that there has been 
a growing impression that rairoads do 
not need any more college trained men. 
This is far from true. As a matter of 
fact, there has not been any lack of 
interest in college trained men by the 
railroads, but the inroads of the depres- 
sion have deferred many otherwise 
worthy projects that obviously will 
take shape in the post war period. Be 
cause these projects have been held 
back by the depression and the waf, 
we can look forward to a greater de- 
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mand for college trained men in the 
post war period than at any time since 
our railroads were built. . 

In one instance the dean of one of 
our universities deprecated the fact 
that he had been advised by a railroad 
officer that it was difficult, if not im- 
possible, to give special consideration 
to the employment of college students 
with unusual promise because of the 
seniority rules contained in labor agree- 
ments. At the same time he admon- 
ished the rairoads that, until they make 
the necessary arrangements to attract 
young engineers to employment on 
railroads, they will not be able to make 
the progress they should make. He 
suggested that a definite relaxation of 
regulations regarding seniority should 
be encouraged as this would be of great 
advantage to labor-as well as manage- 
ment. There are a few restraints in 
this respect and there are likely to be 
more instead of less as time goes on, 
but this should not dampen the effort 
now being made to adopt a codperative 
plan. In any event, I think we can all 
agree that the railroads are interested 
in college trained men for the indus- 
try. We must not, however, overlook 
the fact that some outstanding em- 
ployes without college training, who 
have gained valuable practical experi- 
ence while the student is in school, will 
continue to compete for promotion to 
executive positions. 


PLAN 


The plan already conceived is a rela- 
tively simple one, and because of its 
simplicity, I sincerely believe it has 
some possibilities not heretofore con- 
sidered, at least not by those of us who 
have pondered how to fit into our or- 
ganization the student who has gone to 
school the required length of time and 
received his degree. This has been dif- 
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ficult of attainment because the individ- 
ual is not attracted to the lower paid 
positions where the fundamental ex- 
perience is acquired. The plan under 
consideration is for the student to take 
a five-year course in one of the fol- 
lowing degrees : 


B.S. in Mechanical Engineering 
B.S. in Electrical Engineering 
B.S. in Civil Engineering 


This contemplates that the student 
will spend the first year from Septem- 
ber to June in college. The summer 
following the freshman year is a vaca- 
tion period. At the beginning of the 
second year, the program of alterna- 
tion between college and the railroad 
job is started. This is on a three- 
months’ basis, and during his period on 
the railroad the student works just as 
any employee of the company ; that is, 
he is completely away from school, has 
no class work, and is solely under the 
jurisdiction of the rairoad. 

This is the way the student is pro- 
vided with the practical experience in 
rairoad work before he receives his de- 
gree. The railroad is thereby enabled 
to select and bring young men along in 
its organization who should become 
valuable to employ after graduation. 
This plan further contemplates work- 
ing students in pairs; that is, while 
one man is in school, the other man is 
in railroad service, so that one position 
is continuously occupied by two stu- 
dents alternating on a quarterly basis. 
It is likewise expected that the student 
will remain with the same railroad 
throughout his college career and that 
his practical experience will be reason- 
ably diversified. The rate of pay 
should be the same as paid other em- 
ployes in similar positions. 

Selection of the student may be 
made either at the school or at the 
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railroad company’s offices; and there 
is no obligation to use any specified 
number, so that the railroad is left en- 
tirely free, if it chooses to do so, to 
make its plans on the basis of actual 
needs of the service. 


RESTRAINTS 


While we are developing the possi- 
bilities of the plan under consideration, 
it is also. necessary to point out the 
restraints. To secure a comprehensive 
picture of the whole situation we must 
begin with the legal requirements of 
the Railway Labor Act. This law (en- 
acted on May 20, 1926, and amended 
June 21, 1934) provides, among other 
things, for voluntary organization of 
subordinate officials:for the purpose of 
collective bargaining. I quote Sec- 
tion 1-Fifth of the Act: 


“The term ‘employe’ as used herein in- 
cludes every person in the service of a 
carrier (subject to its continuing author- 
ity to supervise and direct the manner of 
rendition of his service) who performs 
any work defined as that of an employe 
or subordinate official in the orders of 
the Interstate Commerce Commission now 
in effect and as the same may be amended 
or, interpreted by order hereafter entered 
by the Commission pursuant to the au- 
thority which is hereby conferred upon 
it to enter orders amending or interpret- 
ing such existing orders.” 


The Interstate Commerce Commission, 
in Ex Parte 72, has defined the term 
“employe” to include certain subordi- 
nate officials. It includes, for example, 
civil, mechanical, electrical and other 
technical engineers inferior in rank to 
engineers of maintenance of way and 
Mechanical Department Shop Fore- 
man inferior in rank to General Fore- 
man. With very few exceptions, tech- 
nical engineers are not at this time rep- 
resented on railroads for the purpose 


of collective bargaining. To what- 
ever extent they may hereafter seek 
such representation and to whatever 
extent the terms of collective bargain- 
ing agreements may provide restric- 
tions, will depend the freedom of em- 
ployment of students after graduation 
in such positions. 


Post War POossIBILITIES 


I would like to take up now the pos- 
sibilities for practical training in elec- 
trical and mechanical work (where 
labor agreements actually are in force) 
during the student’s scholastic career 
referred to heretofore. I think I am 
safe in saying that every railroad has 
an apprenticeship rule in the collective 
bargaining agreement covering these 
two classes of employes. They may 
not be exactly the same on all rail- 
roads, but, generally speaking, they 
are similar. As a general rule, appli- 
cants for regular apprenticeship must 
be between the ages of 18 and 25 years, 
and must serve four years of 290 days 
each before they are considered quali- 
fied as mechanics. 

Mechanics’ helpers may also be se- 
lected as apprentices after two years of 
service, and they must be between the 
ages of 21 and 35 years. They are re- 
quired to serve only three years of 
290 days each. 

All apprentices must be indentured 
and are furnished with a duplicate of 
indenture by the company. You may 
be interested in the form of indenture. 
It provides: 


“This, will certify that...........605 08 
a a ee was employed as.........+: 
apprentice on............... Railroad at 
TEP G SUAS ss 4 OB ek Wie oeiks a 
to serve (3 or 4) years, a minimum of 
290 days each. 
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(Title of Officers in Charge)” 
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The ratio of apprentices in their re- 
spective crafts on our rairoad must 
not be more than one to every five 
mechanics. This varies on the differ- 
ent railroads. I recall seeing an agree- 
ment on another railroad where the 
ratio was one to ten. 

It is permissible for regular or helper 
apprentices in metal crafts to be trans- 
ferred from shop to roundhouse, or 
from roundhouse to shop, for the pur- 
pose of training them as mechanics. 

Our Railroad has no written rule 
with reference to diversification of 
work by an apprentice, but most rail- 
roads have a rule of some kind. Gen- 
erally speaking, however, the labor 
unions with which we deal advocate 
the following for machinists: 


“Apprentices shall be given an oppor- 
tunity of learning all branches of the 
trade. They will serve 3 years on ma- 
chines and special jobs. Apprentices will 
not be required to work more than four 
months on any one machine or special 
job. During the last year of their ap- 
prenticeship they will work on the floor.” 


For electrical workers they advocate: 


“Apprentices shall be given an oppor- 
tunity of learning all branches ‘of the 
trade. The various classes of work are 
designed as a guide and will be followed 
as closely as the conditions will permit. 


12 months—inside wire and electric re- 
pairing 

6 months—outside line work 

6 months-—locomotive headlight work 

6 months—car lighting department 

6 months—armature winding 

12 months—general electrical work” 


Obviously, none of the students 
would utilize this apprenticeship for . 
the purpose of becoming journeymen 
mechanics with at least two more years 
of apprenticeship still to perform under 
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the rules because they will aspire to 
better positions when they finish school. 
However, the ratio of one apprentice 
to five mechanics, or even one to ten, 
should furnish ample opportunity for 
every railroad to codperate with col- 
leges in the plan outlined. It might 
be said, and not without some founda- 
tion in view of the language of the In- 
denture form heretofore mentioned, 
that the labor unions will object to an 
arrangement where it is known at the 
outset the men are not going to uti- 
lize the apprenticeship for the purpose 
of becoming journeymen mechanics. 
Frankly, I do ‘not believe the labor 
unions will be prone to take such a posi- 
tion, because many of the students will 
be the sons of mechanics in the shops 
and the union leaders, I am sure, rely 
upon the will of its membership on 
policy questions of this character. At 
any rate, at the appropriate time, this 
could well be discussed with labor rep- 
resentatives involved in the light of the 
rules as they now appear in the in- 
dividual agreements. As a matter of 
fact, I understand an agreement is in 
existence on an eastern railroad pro- 
viding for short apprenticeship of col- 
lege graduates. 

In so far as the cooperative plan is 
concerned, our Mechanical Depart- 
ment officers tell me that a schedule of 
apprenticeship during a mechanical en- 
gineering student’s scholastic career 
should be about as follows: 


9 weeks operating a shaping machine 
9 weeks operating a lathe 
9 weeks operating a boring machine 
9 weeks operating a milling machine 
20 weeks on the erecting floor 
9 weeks on pneumatic devices such as 
power reverse. gears, etc. 
9 weeks on roundhouse maintenance 
work 
30 weeks in drafting room 
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For an electrical engineering student, 
I am advised it should be about as fol- 


lows: 


20 weeks Diesel-electric locomotive main- 


tenance 

12 weeks passenger car air conditioning 
maintenance 

8 weeks passenger car lighting main- 
tenance 

8 weeks shop work, motor repairs, etc. 

8 weeks shop work, passenger car wir- 
ing . 

6 weeks shop work, storage battery re- 
pairs 

6 weeks roundhouse maintenance, mostly 
locomotive headlight work 

18 weeks system electrical road force on 
wiring, installations and maintenance, 
both inside wiring and line work 

18 weeks estimating, inspecting and test- 
ing in connection with wire installa- 
tions 


There has never been any definite 
plan of apprenticeship or training in 
the civil engineering department. 
Heretofore it has been the practice to 
employ young men having necessary 
education and aptitude to fit into the 
position for which they were employed, 
and then, as they gained experience 
and opportunity presented itself, they 
were advanced. Our engineering de- 
partment officers feel that under the co- 
operative plan an arrangement could be 
placed into effect as follows: 


24 weeks as second class rodman 
24 weeks as first class rodman 

24 weeks as junior instrument man 
32 weeks drafting room 


If the work in progress on the rail- 
road permits, it would be very desira- 
ble if the student were placed with a 
gang doing track work, such as laying 
rail, ballasting track, etc. 

There are not now any labor agrec- 
ments—at least not to my knowledge 
—which will interfere with the use of 
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a student in a civil engineering party 
during his scholastic career, nor should 
there be any great difficulty in pro- 
viding diversified training as hereto- 
fore mentioned if work in progress on 
the railroad permits. 

Assuming that all these minor de- 
tails can be met and that the plan is 
placed in effect, the contact made with 
the individual during the previous 
four years should enable the railroad 
to appraise the qualifications of the 
students at the time of graduation and 
determine just where, assuming there 
will be vacancies and new positions to 
fill from time to time, they will fit into 
the railroad organization as inspectors 
and estimators in the Mechanical De- 
partment and junior engineers in the 
Civil Engineering Department. It re- 
moves much of the doubt about per- 
sonnel for promotion inherent in selec- 
tions made in any other manner. Pro- 
motions later on to positions of greater 
responsibility will depend upon in- 
creased aptitude for leadership and ap- 
petite for hard work. There is, of 
course, no substitute for hard work and 
that must be considered in all cases of 
promotion. 

With respect to the suggestion that 
seniority rules be relaxed, obviously 
this is not always possible, nor is it 
entirely the answer. The relaxation 
should be.in the Order of the Inter- 
state Commerce Commission which 
permits certain subordinate officers to 
be classed as employes for the purpose 
of collective bargaining. There is only 
one other avenue open to clear the way 
of restrictions, and that is to secure a 
change in the law granting these 
powers to the Commission. 

The original purpose underlying the 
principle of seniority was to provide 
some measure of security to employed 
workers and to serve as an index to be 
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used when it became necessary to 
separate them from gainful employ- 
ment during periods of economic stress. 
Seniority first emerged in the railroad 
industry in the 1880’s, when tenure of 
employment was precarious. The 
movement grew slowly, spreading from 
West to East and from craft to craft, 
until it became definitely established 
under Governmental wartime admin- 
istration during the First World War. 
It has also, of course, gained a strong 
foothold in numerous other industries, 
especially the printing trades, and is 
even now making rapid progress in 
the automobile and steel industries. 
Seniority rights stem exclusively from 
collective bargaining agreements be- 
tween labor unions and management. 
The provisions range from a short, 
simple sentence recognizing the prin- 
ciple to an elaborate code of detailed 
regulations. The administration of 
seniority is ordinarily entrusted to 
the employer. Unjustified departures 


from the principle laid down are con- 
sidered grievances, and various pro- 
cedures have been provided for their 
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redress. While the seniority rule is 
usually called into play when force re- 
ductions, reinstatements and promo- 
tions are involved, the scope of these 
three aspects is not always defined with 
precision. 


CoNCLUSION 


It is perhaps too much to hope for 
any relaxation in the orders of the in- 
terstate Commerce Commission or a 
change in the law which permits rep- 
resentation of subordinate officers for 
purposes of collective bargaining. 
Therefore, our only hope lies in the 
fact that not much. headway has up to 
this time been made in representation 
of the technical and other supervisory 
people who fill the positions which 
should be open to students we are con- 
sidering after graduation. Railroads 
hereafter faced with negotiating agree- 
ments covering any of these positions 
should certainly keep this codperative 
plan in mind and seek to write sen- 
iority rules which will not unduly im- 
pair the avenues of promotion of such 
graduates. 
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Industrial Research Curriculum Requirements * 


By GEORGE E. ZIEGLER + 
Research Associate, Midwest Research Institute, Kansas City, Mo. 


The great emphasis that is now being 
placed on “new products” in all of our 
discussions of post-war economics 
makes a vital issue of our future educa- 
tional plans for providing a sufficient 
number of persons adequately trained 
to develop all of these promised new 
products. 

Certainly the building of a college 
curriculum for industrial research is 
an important step in attaining an ade- 
quate future supply of the necessary 
research and development personnel. 
The establishment of an industrial re- 
search curriculum, however, is not a 
simple matter because industrial re- 
search itself is not simple. 

Considerable material already has 
been written on the subject of training 
men for industrial research. . The pres- 
ent paper, however, deals entirely with 
the personal observations of the author 
and recommendations from his indus- 
trial research associates who have 
shown much interest in the subject. 

It is not the purpose of this paper 
to suggest a fixed course of study, but 
to point out objectives that are re- 
quired for industrial research curricula. 
Much of the ultimate success of such a 
curriculum depends upon the interest 
and enthusiasm of the instructors, as 
well as their viewpoints and the em- 
phasis they give to selected subject 


*Based on paper presented at Chicago 
meeting of S.P.E.E. (Physics), June 18-20, 
1943. 

¢ Scientific Advisor, 
Foundation, Chicago. 
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matter. With the required objectives 
actively in mind practically any thor- 
ough engineering or science curriculum 
can be converted into a good industrial 
research curriculum. 


PRELIMINARY CONSIDERATIONS 


Before any specific attention is given 
to the educational requirements for 
this growing field, the nature of indus- 
trial research and its potentialities as a 
profession of the future should be con- 
sidered. 

Probably the most widely accepted 
definition of industrial research is that 
given by the National Research Council 
in its “Directory of Industrial Research 
Laboratories of the United States,” 
published in 1940. This definition 
reads: 


Industrial research is the endeavor to 
learn how to apply scientific facts to the 
service of mankind. Many laboratories 
are engaged in both industrial research 
and industrial development. These two 
classes of investigation commonly merge 
so that no sharp boundary can be traced 
between them. Indeed, the term research 
is frequently applied to work which is 
nothing else than development of indus- 
trial processes, methods, equipment, pro- 
duction or by-products. 


From this definition it is evident that 
industrial research includes a whole 
range of activities from pure science 
through engineering of various kinds, 
to cut-and-try development work. 
Some of the greatest successes in in- 
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dustrial deveopment for our national 
war effort have been achieved through 
various combinations of pure science, 
engineering, and cut-and-try methods. 

A problem now confronting the 
educator, who is making plans for the 
future, is that of evaluating the de- 
mands of industrial research for well- 
trained students in the post-war 
economy. All evidence now available 
indicates that it will be necessary in 
the post-war period for the colleges to 
develop many more potential industrial 
researchers than have been required up 
to the present time. 

This evidence for an increased de- 
mand for industrial researchers is 
manifold. Industry, during the past 
few years, has found that research pays 
real dividends which can be measured 
in dollars. In nearly all cases, the 
dividend rate from research has been 
attractively high. Many business men 
also consider research expenditures as 
insurance for success in manufacturing 
the products of the future. Industrial 
research has impressed business so 
favorably that many organizations are 
now willing even to aid so-called funda- 
mental or pure science by allowing a 
portion of their research budgets to be 
spent on fundamental work at univer- 
sities or colleges and research founda- 
tions. 

Another factor in the evaluation of 
the future of research, which cannot 
be overlooked, is that research is now 
“in style.” This fact is presented daily 
in news items and in the advertise- 
ments that appear in many magazines 
and newspapers. Many of the leading 
manufacturing companies have no 
products to sell today because of 100 
per cent war material production. 
These companies cannot afford to pass 
out of the public eye. Through their 


advertising they now are creating in 
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the minds of the public an appreciation 
of the wonders research can do for 
manufactured products after the war. 
Research is thus gradually becoming an 
accepted element in our economy. 

Another small but significant point 
indicating present industrial trends is 
the fact that more and more companies 
are elevating the position of their Di- 
rector of Research to the rank of a 
full Vice President, thus for the first 
time putting research on an equal foot- 
ing with prodyction and sales. Banks 
are also considering the research ac- 
tivities of companies in determining 
their acceptability for loans. 

Actual statistical data on research 
activity likewise point to a steady in- 
crease in the demand for industrial re- 
searchers in the post-war period. In 
1940 the National Research Council 
reported the existence of 2,264 indus- 
trial research laboratories employing 
about 52,000 workers spending an 
annually estimated $260,000,000. At 
first sight it might be thought that 
American industry could not afford to 
increase further its research expendi- 
tures but the following consideration 
shows that this is far from true. 

The better and more successful com- 
panies for the past years have been 
spending as much a 4 per cent of their 
total income for research and develop- 
ment. All companies are not equally 
progressive, thus a figure of 2 per cent 
of total income might be a reasonable 
average figure for all companies to 
spend on research. Suppose after the 
war our national income shrinks to 
only 50 billion dollars. At 2 per cent 
the total research and development ex- 
penditures could very well be one bil- 
lion dollars which is four times the 
1940 expenditure. 

If a curve of research expenditure vs. 
time is plotted for the past years and 
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simply extrapolated for the next few 
years, similarly significant increases 
are indicated. 

Without even mentioning the tre- 
mendous impetus that is being given to 


’ industrial research by the war the evi- 
‘dence is overwhelming in indicating 


that there will be a continued increase 
in the demand for industrial research- 
ers. 

In the past, most industrial research 
workers have found it necessary to be 
“self made.” There have been only a 
few serious attempts at actually train- 
ing men for this field. Opportunity 
for research experience of course, has 
helped. For example, the Armour Re- 
search Foundation has trained indus- 
trial researchers by making it possi- 
ble for science and engineering grad- 
uates to engage in industrial research.. 
Likewise the industrial research or- 
ganizations of universities have pro- 
vided a limited number of opportuni- 
ties. Although this type of approach 
to the problem has provided industry 


‘with some very accomplished research 


people, the total number that can be so 
supplied is altogether too small. 


REQUIRED CHARACTERISTICS 


Even a casual inspection of require- 
ments for industrial researchers shows 
that it is impossible for any one in- 
dividual to possess a full measure of 
all the requirements. Nevertheless, 
for a program of industrial research to 
be successful all requirements must be 
achieved either individually or collec- 
tively. Only when each member of a 
group shares his own particular talents 
with the others can real completeness 
be achieved. 

The following sections set forth 
characteristics which should be de- 
veloped by any successful industrial 
research curriculum: 


1. The ability to work with others is 


of the utmost importance and a 
successful curriculum must pro- 
vide an opportunity for the de- 
velopment of a spirit of true co- 
operation. Naturally, individual 
initiative and individual abilities 
in particular fields are requisite, 
but these produce maximum re- 
sults for industrial research only 
if accompanied by codperation. 
Most industrial research problems 
are so complex that they can be 
solved only through the collabora- 
tion of several researchers expert 
in different fields. 


. A researcher must be expert in 


carrying out at least one of the 

various branches of research, such 

as: 

(a) Experimental research. 

(6) Mathematical investigations 
which can serve as a guide for 
experimental work. 

(c) Experimental engineering re- 
search to transfer the results 
of basic research to pilot- 
plant operation. 

The experience and training for 
any one of the above fields can be 
obtained by most people only 
through work at the graduate level. 
Men lacking graduate training usu- 
ally experience difficulty in ad- 
vancing beyond the research as- 
sistant stage. This deficiency is 
not easily overcome even by long 
experience. If experimental re- 
search is to be the student’s ob- 
jective, it is necessary that he 
master in school as many experi- 
mental techniques as possible, be- 
cause there are so many new things 
to learn after he starts to “work” 
that there is little time available 
for practicing techniques. 
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It is essential that experimental re- 
searchers be able to use their hands 


skillfully. Along this line, a small . 


amount of good machine shop in- 
struction gives the researcher a 
surprising freedom and ability to 
proceed quickly with his experi- 
mental setups. Likewise experi- 
enced glass blowing instruction 
will avoid endless hours of at- 
tempts at assembling equipment. 
As research laboratories are estab- 
lished by the smaller companies, 
they will necessarily be of restricted 
size. In these the independence 
possessed by a man skilled in lab- 
oratory techniques will give him a 
unique position. 


. A researcher needs ability as a 


salesman. All new ideas and de- 
velopments have to be sold. This 
is sometimes difficult even to fel- 
low researchers, especially if the 
idea is something genuinely new. 
The selling of ideas to the produc- 
tion engineer is even more difficult 
but is, of course, indispensable if 
the industrial research group is 
going to justify its existence 
through new products. The selling 
of ideas is almost synonymous with 
report writing. ‘Too much emphasis 
cannot be placed on the develop- 
ment of ability to present ideas in 
clear, convincing words, and if 
these clear convincing words can be 
supplemented with an element of 
human interest, the researcher has 
an asset of great value. 


. Good data-keeping habits are in- 


dispensable to an industrial re- 
searcher. In his daily experi- 
mental work he is determining 
new facts. Many of these facts 
will not be used at once; they may 
be either negative results or just 
not of value to the problem at hand. 


However, at some time in the fu- 
ture these very data may be the 
answer to another problem, pro- 
vided they can still be interpreted. 
American industry is dependent on 
the patent system. Accurate, well 
kept research records often prove 
to be of very great value in patent 
matters. Neat, accurate, original 
data sheets for every class room 
measurement will help the student 
develop fixed habits of keeping 
good data. The keeping of proper 
records in the laboratory goes a 
long way in helping a student de- 
velop the high degree of intellectual 
honesty needed for good research. 
Research can be ruined by preju- 
dice and poor records. 


. The researcher must develop a keen 


admiration and appreciation for 
high-grade mechanical, optical, 
electrical or other experimental 
equipment. It is this appreciation 
which will permit him to evaluate 
wisely the worth of new equip- 
ment. Wise expenditure of the 
equipment budget is of paramount 
importance to the success of an 
industrial laboratory. Contrasted 
with the problem of acquiring new 
equipment is the problem of dis- 
posing of it when it has outlived 
its usefulness. Naturally, this dis- 
posal requires careful analysis of . 
values. Further, the making of 
precision measurements is stimu- 
lated if the whole laboratory has 
an atmosphere of care and pre- 
cision. ‘ 


. An active knowledge of the history 


of the famous men and early ex- 
periments in science is of surpris- 
ing value as a background for mod- 
ern industrial measurements. Fre- 
quently the ingenious experimental 
devices of classical physics or 
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. The 


chemistry and the equations of ad- 
vanced abstract mathematics can 
be directly employed with very 
slight modifications. Achievements 
of the past are always encourag- 
ing to present day workers. 
industrial research worker 
needs an active interest in prac- 
tical industrial processes. Even 
though the researcher may be per- 
mitted to pass along his new ideas 
to a process engineer for the de- 
tails of production, it is quite nec- 
essary for him to make an early 
estimate of the feasibility of his 
new idea. Otherwise, it becomes 
very hard for him to interest others 
successfully in pushing the idea 
along. Nor is it too much for 
management to expect a researcher 
to appreciate that it is the financial 
return from the practical processes 
that pays his salary. 


. It is imperative that a researcher 


have unquenchable imagination and 
vision. Only the genuine re- 
searcher has the background from 
which to imagine new products and 
new processes. The production 
engineer can work out process im- 
provements but, in general, his 
experience and background, if he 
is.a true production man, are such 
that he is apt to think only along 
certain well established lines. If 
the production engineer did not 
resist continual change, there never 
would be any quantity production. 
Imagination and vision, on the 
other hand, should be among a 
researcher’s most active faculties. 


. Patience and persistence, almost 


without end, are required to pull 
research projects through those 
periods that are often referred to 
by industrial researchers as the 
“doldrums of research.” This pa- 
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tience and persistence must be ae 
companied by a strong element @ 
enthusiasm. In fact, enthusiasn 
must prevail in a research. labo 

tory or else creative work will ceasy 
and the laboratory will turn int 
a testing bureau, probably testing 
only ideas presented by outside 

Patience and persistence can 
maintained only through a never. 
failing confidence that results ca 


be obtained through  resear¢ 
methods. 
10. A’ well-rounded industrial 


11. 


searcher should have a good sens 
of economic values. Althougi 
more business organizations 
now beginning to permit som 
fundamental research of the kin 
that may not lead to immediat 
profit, the bulk of their researd 
work is expected to produce early 
results that can be measured i 
dollars. The measurement of thé 
value of research is no more di 
ficult than the measurement of the 
value of advertising and this 1 
done every day by all advertising 
agencies. 

Industrial research requires abilit 
to make decisions and a willing 
ness to take responsibility. It 
the wise decisions to continue 
promising research or to discon 
tinue research of doubtful fut 
that carry an industrial researe 
laboratory to success. Such di 
cisions often require considerable 
personal responsibility, because 3 
promising piece of research 

not always be readily recognized 


Our attention, as educators, to thesé 


necessary factors of training will im 
fluence heavily our national ability te 
meet the challenge of expanded 
search, 
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Engineering Colleges Help Returning Veterans 


By R. L. SACKETT 


Chairman, Committee on Selection 


The S.P.E.E. Committee on Stu- 
dent Selection asked its members to 
state in brief what special provisions 
their institutions had made to counsel 
with enquiring, entering or returning 
veterans. 

The replies reflect a variety of or- 
ganizations to care for special cases. 
It was suggested that they might be of 
help to institutions which were plan- 
ning ways and means of meeting the 
educational problems of veterans in- 
terested in engineering. 

To the five replies which follow by 
Messrs. Fuller, Bingham, Plank, Krath- 
wohl and Switzer, members of the 
committee, there are comments col- 
lected and provided by President Culli- 
more, Chairman E.C.P.D. Committee 
on Student Selection and Guidance. 
These refer to institutions in the New 
York area only. 


Iowa State College has in preparation, 
for distribution late this fall, a pamphlet 
with the purpose of presenting to return- 
ing veterans the possibilities for further 
education at Iowa State. The plans in- 
clude, after formal registration, the as- 
signment of each person to a definite 
chief counselor who, after appraising the 
education, experience, and temperament 
of the individual, assigns him to a coun- 
selor who works out a program with him 


t® and keeps in touch with him and his work. 


The men will be put in regular classes 
as far as practicable. Special classes will 
be provided when necessary for efficient 
and sympathetic treatment. Refresher 
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courses will be available for graduates re- 
turning from military service or from in- 
dustry. The college anticipates that each 
candidate for rehabilitation will come 
with a recommendation from the vet- 
erans’ Administrative Counseling Center. 

University of Colorado.—Special aid 
to returning veterans is provided through 
the University Council on Armed Forces 
Services. The Council is headed by a Di- 
rector who is provided with an adequate 
clerical force. The various Colleges of the 
University, as well as the regular testing 
and guidance agencies, are represented on 
the Council. Functions of the Council 
are: to act as a Liaison Agency between 
the University and the U. S. Veterans 
Administration or between the University 
and the U. S. Armed Forces Institute, to 
study the needs and desires of the vet- 
erans and make recommendations to the 
several divisions and agencies in the Uni- 
versity, to arrange for the organization 
of special refresher and terminal courses 
for veterans, to arrange combinations of 
courses leading to special degrees, to ad- 
vise and counsel veterans. 

Lafayette College has recently taken 
two steps to facilitate the resumption of 
the education of returned servicemen 
whose college studies were interrupted by 
the war. The first of these steps was the 
creation of a Veterans’ Program Com- 
mittee of five members of the faculty and 
administration. This Committee has in- 
stituted the following activities : 


(1) Printed a bulletin for the informa- 
tion of all concerned, setting forth 
the policy of the College concerning 
veterans’ education. 
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(2) Assist in special problems of admis- 
sion, conduct aptitude’ tests, and pro- 
vide counseling and advice to appli- 
cants. 

(3) Arranged for refresher courses in 
key subjects for men who have been 
out of high school for some time. 

(4) Established the principle that ap- 
propriate college credit will be al- 
lowed by Lafayette for courses com- 
pleted in the Armed Forces. 


The second step taken in the veterans’ be- 
half is the establishment of a Veterans’ 
Rehabilitation Committee to provide vet- 
erans with any special care they may need 
in readjusting themselves to college life. 

In addition to these educational activi- 
ties, the James Lee Pardee Placement 
Bureau has maintained complete records 
of Lafayette men in the Armed Services, 
and is correlating its placement facilities 
with those of the several industries which 
are progressively pursuing the problems 
of reémployment and the rehabilitation of 
veterans. 

The Illinois Institute of Technology 
has a committee of faculty members with 
the Dean of Students whose sole function 
is to handle the cases of returning vet- 
erans. 

Each veteran is given an interview by 
the Dean of Students to find out his edu- 
cational background and the time which 
has elapsed since he last attended school. 
Each man is given a great deal of per- 
sonal time. When there is a question as 
to whether a veteran is college material, 
he is given a short battery of aptitude 
tests. 

Georgia School of Technology.—A Re- 
habilitation Center has been established at 
this school and a Comprehensive personnel 
program has been installed. Discharged 
veterans who are found to have a voca- 
tional handicap will be eligible for a 
thorough-going, scientific consultation 


pointing toward the occupational retrain- 
ing of those needing such rehabilitation. 
This program, while operating primarily 
under the Vocational Rehabilitation -Act, 
is supplemented by the advisement and 
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training program open to all veterans 
under the provisions of the “G.I. Bill of 
Rights.” 

Veterans whose pension ratings in- 


cluded a notation of the existence of a~ 


vocational handicap may apply to the 
Veterans Administration for the services 
offered by the new Center. Those will 
include a thorough interview with a 
psychologist in which information about 
the man’s training, experience, interests 
and desires will be brought out; admin- 
istration of a series of psychological 
measures designed to investigate the apti- 
tudes, skills, adjustment and interests of 
the subject; consultation with training 
experts; and finally, if the need for it is 
established, induction into a course of 
training, either on-the-job or in an ap 
propriate institution, designed to reéstab- 
lish the veterans’ employability at their 
former occupational level. 

We plan to have one man to supervise 
the program, and under him will be two 
psychologists and two psychometrists. 
We have already started on this arrange- 
ment. Tests will be given, and inter- 
views will be conducted by the supervisor 
and the two aiding psychologists. As 
needed various department heads or some- 
one within the department will be called 
in to aid in the counseling. When it is 
deemed necessary a psychiatrist will be 
called in to help. The usual counseling 
and medical services will also be available. 

Alfred University—College of Ce 
ramics—Regular counseling available, 
nothing particularly bearing on engineer- 
ing. Close codperation with the Veterans 
Administration at Batavia. Will expand 
special services to veterans as needed 
(John R. Spicer, Counselor. ) 

Clarkson College of Technology.— 
Special faculty committee of three for 
testing, guiding and counselling of dis- 
charged veterans. Will develop guidance 
program for veterans as experience it 
dictates. (John A. Ross, Jr., President.) 

College of the City of New York— 
Vocational Rehabilitation Center estab 
lished by the Veterans’ Administration. 

Columbia University—Counselling and 
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guidance handled by regular admissions 
gfice. No special organization for engi- 
neers. 

Cornell University—vVocational Re- 
habilitation Center under the Veterans 
Administration to open November 15th. 
(Loren C. Petry, Director of Veterans 
Education. ) 

Manhattan College-——The Student Per- 
sonnel Division makes available to the re- 
tuning veteran its complete facilities for 
preéntrance guidance, testing, vocational 
counselling, medical and personal advise- 
ment, and placement. (John A. Cossa, 
Director of Student Personnel.) 

New York University.—Regular guid- 
ace given at. New York University 
downtown counselling office, and if sent 
to college of engineering, veterans’ rec- 
ods are examined very carefully and 
recommendations made. Also veterans 
sent from Veterans Administration in the 
Bronx. Professor Giannini acts as ad- 
viser in the college of engineering. 


Polytechnic Institute of Brooklyn— 
Same procedures for veterans as for regu- 
lar students. Interviews are given by 
Dean Streubel. 

Pratt Institute—Heads of curriculum 
departments, also the dean, interview 
veteran candidates for either the engi- 
neer or technology programs. American 
Council on Education tests used for all 
students of engineering. Engineering In- 
ventory tests will probably be used. Same 
procedure used for veterans as for other 
entering engineering students. 

Rensselaer Polytechnic Institute—Vo- 
cational Rehabilitation Center established 
by the Veterans Administration. 

Webb Institute of Naval Architecture. 
—No special plans for veterans. Will 
give information as requested. Student 
body now entirely Navy. 

A comprehensive Directory of college 
counselling and placement offices for 
service men has been published by the 
Princeton University Press. 


In looking forward to the post war 
years the Navy will be faced with the 
problem of maintaining a much larger 
commissioned personnel than it ever 
had before in peace time. The con- 
temporary press reports the Navy with 
a present war-time strength of some 
3,000,000 enlisted men and some 200,- 
000 officers. In July 1940 there were 
only some 160,00 enlisted men. Our 
two ocean commitments will certainly 
require a far larger peace-time Navy 
than we ever before imagined. It 
would be fool-hardy for a layman to 


‘set the peace-time strength of the Navy 


for the coming decades but in what 
follows a tentative figure is used for 
illustrative purposes. ( 

In order to have a specific number 
the assumption is made that the peace- 
time strength of the Navy will be 1,- 
000,000 enlisted men. Provision must 
then be made for maintaining a com- 
missioned personnel of some 70,000 
officers, 42 per cent ensigns and junior 
grade lieutenants, 30 per cent lieuten- 
ants, 15 per cent lieutenant command- 
ers, 8 per cent commanders, 4 per cent 
captains and 1 per cent admirals. 

The prime objective of any proposed 
system is to obtain the most competent 
group of men available, provide equal 
opportunity for advancement to all, 
and provide an attractive life time 
career. 

The proposal is best explained by 
reference to Fig. 1. It is proposed to 
feed into the group annually at the 
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By LEONARD A. DOGGETT 
Professor of Electrical Engineering, The Pennsylvania State College 


428 










ensign level some 6,000 men, 2,000 
from United States Naval Academies, 
and 4,000 from College and Univer. 
sity Naval R.O.T.C. Units. In an 
eight year period this would represent 
an input of 48,000 officers. There 
should be approximately one hundred 
Naval R.O.T.C. Units, each graduat- 
ing 40 ensigns. There should be a con- 
tract between the government and the 
potential naval officer. The considera 
tion on one side should consist of 
financial aid in obtaining his college 
education. The consideration on the 
other side should be an agreement t 
serve in the U. S. Navy as an officer 
for at least eight years after gradu 
tion. After the elapse of eight year 
the officer will have the opportunity t 
return to civil life as a naval reservi 

or to take a promotion examination 
which at that time would represent ap 
proximately a promotion examinati¢ 


























from lieutenant to lieutenant cc in cl 
mander. This transition point, repm that th, 
resented on the figure by the heay plan a1 
broken line, is an important feature @i specific 
the plan because it assumes that present: 
officers, whether trained in a Na the sive 
R.O.T.C. unit or at a U. S. Naw then it 
Academy, will take the same examin diagran 
tion. Into the grade of lieutenant cor The ; 
mander will flow the survival of f Rene: 
fittest. It would generally be expectt 
that the majority of the Naval Aca# (a) 
emy graduates, who usually have comm Pérsonn 
mitted themselves to a life-time navi “ls obt 
career, would choose to take the pm (>)*1 
§ between 
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motion examination. On the other 
hand the majority of the civilian trained 
men will tend to revert to civil life and 
become members of the pool of trained 
reservists. In the figure there are 
shown three types of arrows; the tailed 
arrow indicates the man who enters 
the system at the bottom and who may 
reach the status of admiral; the plain 
atrow indicates a transfer from active 
to reserve status; and the double 
headed arrow indicates a transfer from 
active to retired status. 

In closing it should be stated again 
that the numbers used to illustrate the 
plan are purely symbolic. By using 
specific numbers, however, clearness in 
presentation may be obtained. When 
the size of the post war Navy is set, 
then it will be possible to modify the 
diagram proportionately. 

The advantages of the plan may be 
summarized as follows: 


(a) We place in the commissioned 
personnel the most competent individ- 
uals obtainable. 

(b)* It eliminates any differentiation 
between reservists and Naval Academy 
graduates. 


(c) It builds up a large body of 
reserves. 


The salary of a midshipman in a 
U. S. Naval Academy is about $780 
per year. The allotment of financial 
aid to a Navy R.O.T.C. student should 
be of the same order of magnitude. 
Using this figure and assuming that the 
maintenance of some 200 Navy R.O. 
T.C. students at a college will yield 40 
graduates per year, the annual cost to 
the government of maintaining this 
program would be $15,600,000 for the 
100 college R.O.T.C. Units and con- 
siderably more than $7,800,000 for the 
U. S. Naval Academies. 

The Navy has had a long experience 
in operating a Naval Academy and in 
addition considerable experience’ in 
operating College Naval R.O.T.C. 
units. Although there has been some 
difference of opinion as to the desira- 
bility of locating an Army R.O.T.C. 
and a Navy R.O.T.C. unit at the same 
college, our recent experiences with 
amphibious warfare would seem to in- 
dicate the advantage of getting the 
Army and Navy together as early as 
possible in their military careers. 
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